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PREFACE. 



This is not a treatise on the architectural art, or 
the science of construction, but a simple exposition 
of the ordinary practice of building iu this country, 
with suggestions for supervising such work efficiently. 
Architects of experience probably know already nearly 
everything that the book contains, but their younger 
brethren, as well as those i)erson« not of the jirofession 
who are occasionally called ui)on to direct building 
operations, will perhaj^s be glad of its help. 
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NOTE. 



The observing reader will notice a curious discrepancy between the factors of safety 
used in calculating the strength of wooden beams in the first and last parts of the book, 
three being given as the proper faaor in determining the size of the girders in the stone 
church, while six is used in calculating the roof timbers of the town-hall, which forms the 
subject of Chapter IV, the constant being the same in both cases. As this inconsistency 
exactly represents the change which took place in the received standard of strength for 
beams of timber between the stereotyping of the pages of the first and last chapter, it is 
perhaps best to let it stand, with a proper warning. The factor of safety, three, used in 
the earlier part of the book, is that still required by the New York Building Law, and the 
constant is taken from Trautwinc's Handbook, a ver>' conservative authority. The factor 
subsequently used, six, corresponds with that adopted by what were then the latest and 
most cautious writers. Within a few months. Professor Lanza*s experiments at the Mas- 
sachusetts Institute of Technology, upon large timbers, have shown conclusively that 
with the constants hitherto given in the text-books even a factor of safety of six is too 
small. In his experiments upon beams ranging from four to ci;:;ht inches m width, by 
twelve and fourteen inches in depth, the average breaking weif^ht of selected, straight- 
grained timbers of spruce and Georgia pine was about tme-haJf that piven in Trautwine's 
tables as the proper con<«tant for each, and not much more than one-third the constants 
adopted from Laslctt and others by so high an authority as the South Kensington " Notes 
on Building Construction." In the light of these results, the New York law is evidently 
dangerously misleading, and the floors calculated in accordance with it, so far from being 
three times as strong as ncccsfary, are on the verge of collapse ; while, with the constants 
at present in use, the nominal factor of six, as employed by the most prudent constructors, 
is really reduced to something like two or three. Between the var>'ing and j^erfectly 
arbitrary factors of safety used by different authorities, and their almost equally diverse 
constants, the whole subject of strength of timber has hitherto been in a slate of most 
unscientific confusion, to which Professor Lanza's investigations have added the finishing 
touch. It is much to be hoped that the result of these will soon be to bring order out of 
the chaos, by establishing our rules for the strength of heavy beams upon definite knowledge 
instead of hasty inferences. Meanwhile, we will not bewilder our readers by attempting 
to improvise any new standard of our own, but will simply say that until a better rule is 
offered, by using one-half of Trautwinc's constants as the true one, and a factor of safety 
of four, they can obtain, in calculating their future beams, a result in reasonable accord- 
ance with the present state of knowledge on the subject. 
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THE DIRECTION OF BUILDING OPERATIONS. 

All who have had any experience in the supervision of building 
operations know the importance of having a systematic plan in pur- 
suing their examination of any given work, and the difficulty, with- 
out such aid, of giving adequate attention to all the innumerable 
points of construction which require notice at their proper time, and 
before they are covered up or built over, so as to make changes incon- 
venient or impossible, and there are few who cannot recall instances 
of vexatious mistakes, costly alterations, or buildings left insecure 
through want of attention at the right moment to defects which an 
hour's labor would then have remedied. To the yoimg architect, espe- 
cially, judging from the writer's own experience, a manual which 
may help to direct his attention to all the various details which 
should be noticed, and put him in mind of the defects to be looked 
for at each stage of a given construction, cannot fail to be of use, and 
such a manual, it is hoped, tlic following pages will supply. No 
doubt there will be imperfections and omissions ; but the writer trusts 
they will not be found very numerous, and that such as may exist 
will be duly criticised and corrected by those competent to do so. 
Reference will be made to the different modes of buiMing which pre- 
vail in various localities, so far as the writer's knowledge permits, as 
much for tlie purpose of comparison and criticism as for the sake of 
extending the usefulness of the work. 

The general subject of superintendence will be considered under 
the three heads of Stone Buildings, Wooden Buildings and Brick 
Buildings. 

In the division of Brick Buildings will be special reference to 
the distribution of weights, and those details of boiler and steam 
work, and ventilation, which are more commonly to be consid- 
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ered in connection with citj- ftnictures than others; and under 
WooUi-n Buildin^x tlie (jueiitions of grading, cellar-irork and drain- 
agG vill be dwelt upon, which continually call for Mttlement in coun- 
try con!)tructioD. 

In cyh ela^g the progress of a t/pical building will bo described, 
from tlic fii Ht breaking of ground to the completion of the work, 
diowing tlie succngsive Mages of construction and the order of de- 
livery of material on the ground, such nt they would be found by the 
superintendent in his periodieal risits. At each imaginary visit 
occasion will be taken to call attention to points which noed to be 
considered at that particular etnge, aliliough the execution of them 
may belong to a subsequent period, and some general directions for 
judging of the quality of malcrlnls will bo given at the time they 
make thoir first appearance on tim prcniiwe. 

From a sense of its great iinj>or[iince, the writer, nltbough not 
considering liimxclf peculiarly qiialllicd for the lank, will endeavor, 
in treating of the different kinds of work, to jircfeut a, sianilard by 
which each sort can be judged. Nothing is more <'nibnrr:i^~ing to the 
young architect than to be called upon to decide a dii'puti.' between 
contractors and owner on dw question of what constitutes a " good, 
substantial, and workmanlike manner " of executing any particular 
piece of eonstniction. He is not likely to commit tlie error of lieing 
loo lenient in liis requirements, but ho may, if unaccustomed to practi- 
cal work, be led into unreasonable exactions or untciialilc {Munitions 
which he will subseciuently have to abandon, to the dclriiueiit uf his 
reputation and autliority. It often liapjienB that the owner has 
formed a priori an ideal of what the work should bo, which dues not 
agn>u with the actual exeoutioo, and he cunscijuently refuses to iic- 
ccpt it, or claims an allowance in the price on aei.'ounl of what he 
asserts to be defective workmanship ; and the architect is calli.sl upon 
to decide between the parties. In such cases it is of tim uininst ini- 
portauec to him to be able to show such thorough facniliarily with 
common practice as will command the respect of botli. M'iiliuul llii^ 
Ite is continually liable to do injustice either to the cimlractor or liis 
client, as well as to inanr their ill-will. Take, for instance, a ciucstton 
which sometimes actually occurs in the ease of buililinj;-" faced with 
freestone ashlar. Tha owneri perhaps, has been reading some text- 
book on constmction and haa come across the familiar direction 'hat 
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■' all lUineg uii'il in nin^unry should be laid on tlieir natiirnl bed." 
On his next t'mi to liis liuittlin;- lit> louks fur llie applk-alion of lliis 
ri^ Mid u (iirprised to find pvery §t«ne in tie facing e«t up udgt-- 
nAyx. Un M'nds for tbo contriictor, Mho profcRses never to bavti 
beard of any ralea about Im-'iI^. nnd (1ct!ini.-s tlie owner's rcqiiett 
«itiicr Ui toki! down llie moHmry and di> it over nginin. or to make a 
Uisvount from tliu contrat-t price of tlie work. Tlie di«|)utan[s then 
b«tfike iheniM-lvcH to tlje aroliltecl, who lindo alt hU nraurceg of tact 
BDrl experience required lo convince the owner llial altliongh his rulo 
might be theomicully corrceL, iinivoraal cnstom jusliliod tho con- 
tractor in violating it. Hu in sure to be sharply questioned, and if 
his practicOil knowledge proves clufective, all his ruling* in favor of 
llie builiter I'XjKiBd liim to euppicion and discredit. 

It will be of ailvantagt, ImwcTer, in connection with the discus- 
sion of IIh; ii»ual prftclicc in the diiferent kinds of work, to poiat out 
nicb improveil meihodM as nro Komeliioes used, but with a cauUon to 
the reader, that un<ler the eonunon eontroet tlie builder cnimot be 
conipclkil lo UMi them at liis own expense, unlcFs timy are rccognii«cl 
in the be»l ordinary prnctici^ of the locality to wliich ho be]al^^ or 
are particularly menliunnl in llio s[M>eification, although mo«t good 
neoli&nics are glad uf any «ug^i'lioUB for the tnii<rovenient of tlirir 
work, even ai wjmo extra cost to themselven, aud will be 0'|iiftlly 
gratuful tor any help townrd a uniform Etandard of practice, to 
which both they and tho arcliiteeta can refi^. 

For the diiierimfituru of bod workmen, tlic yotmg architect will be 
wamod agaioft xraia of dut ways in which defective materials or 
conHtruetion are eovered up. Mid will be reminded to look for bad 
work before the bulUling arrives at so advanced a Nta<|e that 'n can 
no longer U' "icleeleil or remedietl. 

To save »pAee, it is siippo»ied ihnt the reader is familiar with the 
priltetpic* of construcllun a« ^ven in tlie ttxt-books, iinrl with llui 
uammua forms of sjieciBeations and Indlding contracts, Any ono in 
oeeU of •iicli eleuientary bfuniialion will find l>ob»on'» ■■ Art of 
Building," in l.(X'kwuod's serie*, llie best cheap work on the general 
knbfMl, and Urookt's '-Dwelling House*," In tho same Mrlus, will 
KffDrd SDrnn nildilJonal details tu its special branrh. As a complete 
and auihoriialive texi-lxiuk, however, no work within our knowledge 
mn compare with ibe threv volumes of " XiUa an Building Cun- 
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Ptruction," prepared for the use of the English Science and Art 
Department at South Kensington, and published by Rivingtons, 
Waterloo Place, London. 

For those who read French, Ramce's " Architecture Pratifjue " 
will Ix; an extremely practical and useful little book, while those 
who have sufficient leisure will find the time necessary for the study 
of Ilondele^'s stamlard work, the " Traits Theori(|ue et Pratique de 
1 'Art de Batir " well repaid. 

There are many other useful works, both in French and English, 
which treat of various portions of the subject. Among the best are 
Wightwick'a " Hints to Young Architects," published in I.«ockwood'8 
series, with Hatfield's ** American House Carpenter," published by 
Wiley & Son, New York. 

The specifications in the English books are useless in tliis country, 
our materials, modes of construction, and technical terms differing 
completely from those in use across the water, but models which will 
serve very well as guides for the non-professional reader in the con- 
struction of brick or stone buildings will be found in the printed 
specifications for public structures of various kinds, copies of some 
of which can generally be had by inquiring of the proper officers. 
For wooden buildings, the best work in print is perhaps Mr. Wm. T. 
Hallett's ** Si)ecifications for Frame Houses," published by Bicknell 
& Comstock, New Y'ork. If a form of contract is desired, a very 
20od one can be found in Mr. Hallett's book, or blank ajxrecments 
for building, as well as a special form for " mechanics* work," can 
Ihj obtained of any stationer. • These forms are not all that could be 
desired, but do very well for ordinary cases. 

One or two preliminary remarks may be made before describing 
the actual processes of inspection. 

In the first place it is necessary to be as familiar as possible with 
the plans and other drawings of the building to be constructed. 
Nothinjx is of so much service in renderinjj the labors of the super- 
intendent valuable to his enij)loyers and himself as the thorough 
understanding of the projected building which will enable him to 
foresee the consecpiences of every step, to judge of the position and 
workmanship of each part of the edifice, while in process of con- 
struction, with reference to its final use and finish. His duty is onh' 
half fulfilled if he trusts blindly to the accuracy of the plans. Ho 
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sboulii rxamiiie, compare nnil conixl thvm minutelj', thorougbly. 

Hill fruiiuuDllf ■ It U iinpoasilile in the aruhitect's oIBve to avoid all 

iiliHUkei La ilruwing or Aguriug, but buijIi as escape tho eye uf die 

buh^ [irofu'wional muti can omnly tiu Ueiutted by a little care in uuiu- 

paring itiem witli the work on tlie grouml. Anil tJiis ciuty ulearl/ \vt- 

:a U> tlio Bii|ierintt:nilvnt. Not only should Iio make sure of tL<< 

accuracy of iba jilaiis, but he niust also look out beforeluuiil forollier 

point* vliich may alfcct or binder llie i-onstrnction wluin once begun. 

If, for instance, the dran-Jngt eliow etone and brick work bunJed (u 

g«tlwr in elevation, it sliould bo his duly at udch lu procure brick* of 

llm kbil lo be usi^ii in tht! facing, and lay lUeia up with mortar iuiata 

t of the usual or spccitlod wiUtli, in oril«r lo Hscci'tain villi curtainty 

I Uic height winch a given number of courses i>f brick will Uy. It i» 

iirh work lo assume that five courses of briL-k will lay 

9 tout in lifiglil, and the detail drawings for ihu stonework arc 

L OlUat msulv and ti^mrud accordingly. If, then, ns often liappvn*, the 

] particular brick ujk.i1 is a little tliickfr or ilunncr than tliu standard, 

I tlM tknui oncu cut front an incurruct assuniplion will fail to bund 

] pnrjierly, and, if It cannot be rt^uut, niust cillier be thrown away or 

iDMTtcd as bent it may, ihc wide joints and irrognliLr linos bearing 

I wtttiRM to the incomjielcucy i>f tlw one who directnl iho work. 

n supposing the plans to be convcl, tlie su peri n ton dent will 

find many opportunities for saving both coutracror and owner froni 

I the »linoy»nce and uxfwnsu causud by tliu earclossni^sR of workmen. 

I It b Impossible to get tlie ordinary uieclntnic to concern biuixelf 

t the future niAtt»rii wliich will dcjicnd niion Ids work, and a 

I littlt! foresight in ttipcrvirion will prcv<-nt muny carvteia deviations - 

I (hu drawings ur «pecilication!i, which, al'luiugli the contractor 

f would be bound ta currct.'t them, hu will be gbid to have detected 

I Nawn U> HHve him that expenw, and will aliow his gratitude by 

I (jiBcial endeavor to {ileaMt. Anoilier impartant ]ioint in efTiuient 

I' «ifiervt«itiii Ik, nftrr in^pcctiug ihe matoruda ik'ilvcreil, lo niske «ur« 

I that tbow rejcclod are removed from the premises. If they are 

1 Bvked for rejection, as ibey should always b^, let iho mark In on 

tejiieeol llie cracked or lliin slone, or on tin; upper I'ule of a 

aranoy" floor-lKiard. so that it can be recogni/ed it it should lnj 

I aftarwardi put into tlie work. If lliia precaution is not taken, and 

I it the murk!) arc not maile lu sucli a ninnner thai Ibcy canuut Iw 
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rubbed or planed off, materials once discarded will be smuggled 
into the building in spite of the injunctions of the superintendent or 
contractor. 

It is impossible to be too thorough in each periodical inspection of 
the building. It will not do to examine one ]K)rtion one day and 
another the next ; the proper way is to go all over the structure at 
each visit. Wherever a man is working, or has been working since 
the last inspection, go and see what he has done. In this way it will 
be possible to gain that definite knowledge of every portion of the 
structure which is the only security against concealed vices of work- 
manship. 

One other precaution must be observed : let not the young archi- 
tect put too much faith in what workmen say to him. The best of 
them dislike to pull down or change what is already done, and if in- 
advertence or temporary convenience has led them into palpable 
violations of the specifications, they will often stretch the truth con- 
siderably in their explanations and excuse. Some are much worse 
than this, and will deliberately avail themselves of the credulity and 
inexperience of the young architect under whose authority they 
come, to obtain from him, botli before and after the execution of the 
work, such concessions from and interpretations of the strict letter 
of the s|>ecification as will be most to their profit. It is difficult for 
one who is nut (^uite certain tliat he knows how to distinguish be- 
tween fresh and damaged cement, for instance, to persist in rejecting 
a lot of which he has suspicions, but which the builder declares to 
be not only of the best quality, but the only lot of that quality which 
can be procured witliout seriously delaying the work, and if the 
8U|)erintendent is found to be accessible to such representations, his 
credulity is sure to be tested on many other points. 'I'he only way 
in which young architects can escape Ixjing occasionally made vic- 
tims of such practices, is for them to make up their minds what is 
risht bv the best light that thev can, and insist on their directions 
being followed. With a little thought, and assiduous studv of other 
buildings in process of construction, it need rarely hai)j>en that their 
orders will be unreasonable, and a firm stand on such occasions as 
arise in the early stages of the work will not only make their subse- 
quent duty much lighter and pleasanter, but will often save them 
ultimate discredit and regret. 
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These preliminary remarks are applicable to every kind of build- 
ing. OthurH might be added, but as lliey may perhaps be better 
understood and remembered in connection with some practical lllus- 
tra^on, it will be as well to defer their consideration until they pre- 
sent thuiuKlvoa in trealiog of a partiuular class of vrork. 



THE CONSTRUCTION OF A STONE CHURCH. 



CHAPTER L 



There are many advanta^s in beginning the study of construction 
with stone buildings. Such structures retjuire a minuteness of at- 
tention, and a precision and accuracy of workmanship, suj)crior to 
that which is generally bestowed upon buililings of any otlier material, 
and the careful and continual measuring;, levellin'; and vcrif vinsr which 
they demand, together with the foresight which must 

Construction be exercised in order that all parts of the masonrv and 
of 8tone , , 1 . , ' , 

wood-work may come together without error, tend to 



DulldlnL 

form habits which arc of great value in the direction 

of any kind of building operation. ^Moreover, the construction of 
m(/st stone buildings involves calculations of thrust; of pressures, 
vertical and oblique ; the resistance of materials, and many other 
t^'chnical problems well fitted to exercise and develop the capacity of 
the young professional man, while the comparative sluwntfss with 
T/hich they are erected affords him sufficient time fur a ciirefid con- 
sideration and solution of such questions, which is not always pos- 
sible in the case of lighter structures. 

If it is considered also that stone-raasonrv of some kintl enters in- 
to nearly all building operations, and that foundation-works, even of 
light erections, sometimes recpiire the over- 
coming of serious difficulties, the propriety 
of introducing the general subject by its 
most intricate and technical branch will be 
sufficiently plain. 

The church, of which we propose to fol- 
low the construction, is intended to be sit- 
uated on an elevated ground, descending irregularly toward the 
cast. The soil appears to be gravelly, but variations in the ap- 
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I jwiiiimci.' at iIm grius over tlie lot indicnto ihit tliu Bali-sdil is aat 
Xlic Volal ilifFerence in tlio level of the ground in l.lii> 
I leoglli o( tlie propOH'jl liuilding is about six feet. 

Tho elinrdi is to be criiciForm in plan, with ulcrcatory and nave 
[ ftlslcs; tliu chuDci-l to lie wiihont aisles, as niile lu tlic nave, nod with 
I a semicircular ti{isida1 t«rtiii nation. Ths prindpnl eutranco ia i« be 
tlirougli tliu tower, wbich etnnds ut 
the eoutli-wcBl ang 
termination of the south ai*lo of the 
e, and ihure is a second cntrMioOi 



\ 




1 tho transept throogli ft small 
lenL-loscd poreh wliioL ot^cupies thu angle 
■ between Iho transept, vhkh has consider- 
l-iblti projection, and the ^outh aidle of the 
Enit of the north trani^egil h the 
ImpuKJuiBilKr, with wide openings into 
I truuept mml cboncvl. The corrosponding 
Ugh Iwtwtien Uie south transopt and the 
>ooiipiod by the rohinn-room, 
I pHvaW entrance from tho oiititdc. 
t7iiil«r ibechancRl is a soclet.v-roimi, i-'ntcrud 
iliinKdyb/stPp'froni theoutsidc. TUuroR 
R t\)»e.e uniler thu building is ugeil for 
h cellar, reaehnd by a circular stonn slaii^ i J 

t in a BUireiLse-turret attacbvd to the ' 

B tower. Tha same stair a^'enda nlso "'" *' 

otbtbelWUniulMT. 'flic whole buildin;;, including the spire, is faced 
t (ret^iooe (roni llio ilcxirdino npwanl. The b«?enient 
\ from lh« lloor-tcvi'l to ibe |rround, is faced with nranltu. The 
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fuuD'l 111 ion-walls, and the backinj; of the walla above ground, are ot 
a pliiiy luciil ttuDu. Tlic Bpirc iioil staircaso-tumit are buckctl with 

III ilif interior, tlio clerestory artlicj, and the caps and bases of the 
I'oljiimH wliitli (.'arry llicni, iiru o( Ohio freestone. Tlie plinllis and 
!<liaftii of the cohiinnH are (.'runilc, the Khafts being [iiiUshed. The 
cliani^ul BtepH areoC marble; the vestibules arc tiled with marble; and 
tliu chanci'l (loor is laid with encaustic tiles. The outside steps arc 
granite, and the wiading stair In the turret is of liard tvown sand- 

TIio exterior slone facing is spocirieii 
to be "neat ramloin aslilar, (juarry-Eaee, 
witli pitched joints." Tliis 
nteanithat all the exposed 
iiirfaces are to be freshly split, witliout 
weather-worn faecii, g^eh as would lie 
adniis<<ihle if roi-l-fuce were eiieeitied, 
an<l that llie juiuts, insteailof irre^'iilarly 
priijcelin^, as is ]icrmissiblc in 9on;e en- 
Si..»Ti„? «.,rk (Fi;. 1), are t„ !«■ 
" jiilcliirrl off " tij a. line previously ilraivn 
ariiuml the Ktone, all parts ot nhieh Vk 
in a Irui: plane at right ani,'1c5 with ilii^ 
furfaces fiinncil by Ihe joints. This i- 
ibme with a "pitching tool" or wide 
dii«d mlh a very tliiek e.I- (Fig. 3), 

Mod '''"'' *'"' '^""'^ '" '" '^'"'''''''' 

OraisinB blocks which, however rouj^h 
•tone. a„^ projecting in the centre, 
all possess four well-defined ed^es, by 
means of which they can he placed upon 
and U-iiile each other with 
Pitched 




much accuracy as the 
presenting a suifaci'. like that 



sinoothesi-fju'ed i 

shown in Fij;. 3. 

Other parts of the exterior stone-work are <iif[ercntly treated ; the 

spire is to be a "brci.ich " (Fijj. 5), and the arrises, or eii|:rcs, of the 

octagonal spire, as well as ot the broaches, ai'e to Imvc (diiselleil draft 

lines (Fig. 4) two inches wide. There will be also draft lines one and 
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.■nc-linlf iocbes wide around all opcaing< in I he c cals of open ng< 

ry^ctliCT with all cornicus, copings, wt-ntl n i o£ b c w 1 i 

of tiiy, root of stikircase-taiTct, and bands a tin. in II t 
lliat \f, bToiight to a phn rfae bj 

9 of ihe cran 1 1, ( I 0) 

wldch is a tootl u 1 1 t on p If t 

or ti;n poind L cl II 1 1 n u 

framo witl n 1 n I U tl l) I lul I 

Burfaceofiic oiKiaobU| 1 s ru k 





until ilio inequaliLi 
bavu UxTt rvtiavA uml tbo 
turfacti Ucuvvrud witli sliurt 
paraili'l furrowH, a 
tliu siimii ■lin.-ttii.n. (t'i,'. 7.) The 
norkiiijiii i^ llKiaciiMi -j.l, an 1 (Iiu Ui 
otliKT direciion, fo as to make furrow cro 1 I 

means a coin|>araliv(.'ly smixilb surface f I o» r d 

work uf idiort line?. (Fi^. !l.) Before b«. n n 1 wo 
drawn aruuuil tho R^ne, and tlio juiiitu il r ] 1 e 1 off ti. 
nsbururo duscribed, or a i;hi«el draft sunk II an nd tliufa 
IJDU is reitulu-d. (Fi^.6.) Wliiuhovormod'H adopted bv 
tlie roiijrli pruJMtiona of tlic central purl I rst t rl a touti 
and tlicD Willi tl r nlk 
intil it is n-du (.It 1 
' plane of tliu d ift I a 
, triiu BurCaee is I n i 
nwd liardi) bo d 
tliat tlu) lir^t oi>cnt n 
stonL-cuttiu' t Ion 
^'<- "■ the juints, and fro 1 o 

four surface*, at rii'Ut an^'lcs to eaeli o I r (t 
bounding plants of ilie fiui^hcd Hi> c ar 

The tracn-v of tliu windows isdrovv 
by wurkin'j over tliu entire turfaeu wii 





111 



10) 1 

. r 1 

I ■d 
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Ith parallel linei>, :il] running in the same dircctiolii except around 
,i^t<, wliuru tlii'v radialu fruin ihu tame t-cnlrc as the curve of the 

(i"L-.n.)" 




Of the granite, the aslilar 
i^ ijiiarry-facc<l, wilh pik-Ii- 
c'l joints like the sandatoni'. 
Tho "wash" or upper in- 
cliacd surface of the wnter- 

tablu is jienc 
Hammarlnt. hamm c r e il ; 

that is, |)ouiidcd ""''■ '°' 

wilh a lieavy, (iinihleH.-Jged hatclict, or " pcne hammer," until the in- 
ciualllk-d are chipjH'd away and the surface is reduced to a plane, 
ilctL-nniiied by draft hnes ]ireviou!:!y drann. and covered with coarw 
[laralk'l lines. The outside steps and llicrcveals and sills of basement 
ti; Lnin_<- receive a firlhir finioh by iKing [ oiindnl all over after 
tilt, pLni, hammer his d m. its work, with •\ bii h Innimi-r ' or ns 

IV niL till ] attnt liinimir in wIiilIi scleral parillil 
HammarlriK, '''•*''-" ^"^ bolted into in iron fnmc with a handle. 

Ihis in triiniint (li^ li) al'm L-itex parallel marks 
on the^lonc but ni iih Tntr than thcc of the |)inLhiniuier Fortlie 
out''i L work a1 jol h ii]n^'>i'c bUdista tl cinili mil „iie a siifTicicntl} 
pDiooih -lurfitc wlii(.h h fpecifi d as i\-cut Tlit. plinths of |ltL 
intLrior cohiuinq art. first ptno liammercd, then si^-citt, and finally 

tenant with 1 I ""h liaiiini(.F havin 
blale' to till- inch ninth Ictvcs tlio 
Mr\ in Hilh I- i„lit 1 1 1 lis would >;ive a 
inlirnit, intL hni h Tl c j nnt9 in I bei- 
of the ^r inite vx p i iirt I or brou t , 
to a rji.lh ihncsirfj i. In mm ' 
of ihc pint a tiliort thick chicl 
with a icrv ahort cd^i. often less 
than a ]iiartci inch in linglh 

Ihe intin >r ci] inU an 1 n portion 
ofthcanhmoiiUm.- i .iLllaithc 
finiaU and scimc other ont.sidc work, ar 
to the chancel are polished. In the 




Tho ma-hle steps 
u<l work It li iJui)ortant 



D leave all the marks of the chisel untouched, inferior workmen 
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smootli anil rH»|i llie cnrvin-^, to llic (kMrncLiun gf ila 
•ispnpss iinil boaiilj'. Tlio rwt oC Uic iiiierior trcenone, on lUe con- 
■"' "w nihlicl. TIjIb Is nsHally done by luring stoDCn B»weJ 
O a luilablo tlibkniiss, ciiliL-r vrith (tpcl blndca tupplSctI wilh rand 
d walvr, ur wllh the imicli mc^ro rnpid diamond (dt, fncci duvm- 
D a lurgo mill-«Iono rttvuiving tiorixon tally. This imooths oS 
o linen Ht by ilie raw, and tho surf ni»3 thus ^ivuni»U-ftlu form Uie 
i; of the work. Tlio grnnilc sliafu are |)»Iislied by mai^hioery, 
cry of different ^udos being fir^t luc<], after tlie rlnr.i' if brought 
to a tmooth nirf-ite with toolsj .'diov.cd liy"tia 
putty," or preciiiilati'd oside of tin, wliich pro- 
educes * gifta»-lIko lustre- Korivd granite, the M>- 
l;cnllL-d jcwellora' rouge, or frofus, vhich i* really 
an osido of iron, is uwd for poliehin;:. and the 
particles wliii'h find ihcir vay into liin crev- 
ices of tho gTBoiio are alluwed to rc-inain, 
for ttiQ sake of hil^ditenlng tlm cutor. 
Occasionally iho £nal gluss is given 
vith wax, bill this fraud can bu d&- 
plicLition of a liiitcbchtor byuj 



lictcd tij- thts ijjv. 

pOfatt to (III! ^Tcal 

inra to oblidnml. 

) mof is ojion>-iim- 
nd arL-lird ribs, tlic 
(lE liaril Smit.liiM 



or, which iptickly n 



>sthe 



bcrcd, witJi hatniner-bcam 



TllB II 



*di « 



ed villi matrlit.'U pinu bultnla, inrrod felt, and ulnlt, iind llie 
t (onned by Ibo purlins and tnitses arc lutlied and ;>Ia3l«red. 
t Interior » furrod wltb sHidding, lathed nad plasWred. A jian- 
4 mlawot, four feet high, runs aroaud tlio rouui. 
C Entfrior of tlie tower, whieb (orma tt Tu*iihii!c, is lined with k 
ndi wall of fiu.'L'-tiricki s«paral«d by .% two-incb air-spare from 
a auuldu widl, but lit^ to tl with Iron nnchors. This lining ex- 
la tlw wlmlij li.'i;;lit to a celling of mrnddeil ghvlcra, forming paneU 
it nialctit<!-an<]-heiu1cil ulieathing, and covered with tin on 
iO (pm-e nbovo tliis, tkmigh at- resfthld fmtn tha atalroBfiMlir- 
fl roii;h. up to the " ludWeck," alto rnvi-md with tin. on 
h stand* tlio framing: (<'i* '!>'' poal of bolls, which abould bo a) far 
lUa iiide[ii-ndL'nl uf tbe towur walls. 
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The inttTior of the societv-room beneath the chancel is lined with 
a fimr-inch brick wall, separated by a two-inch air-spaco frum the 
oiil>i(le masonry, and tied to it with iron, and is ]>lastered on the 
inner brickwork. The walls of the robing-room and organ-chamber 
are furred, lathed and plastered. The tiled floors of the ve?tibuk»s and 
chancel are set on bricks laid upon boarding cut in between the 
l)cams. All the other fl(X)rs are double, the under boar Is of spruce 
throughout, and the upper flooring of Georgia i)ine in the society- 
room ; else where of white pine. Interior flnish is of hard wood. 

The foregoing description contains a brief abstract of the specifica- 
tions. In accordance with these the contract has been signed, and 
the builder, or the contractor for the excavation, as the case may be, 
meets the architect ujxjn the ground to lay out the 

fhe^Bifi Idling. ^^^^' ^^ ^ Special plan has been prepared, with the 
exact dimensions of the walls and the lengths of the 
diagonals in plain figures upon it, the ^etting-out will Ix; nuicli simpli- 
fied, and there will be less danger of mistake, but the cellar plan i? 
often the only drawing provided for the jmrpose, and the additions 
c»r subtractions necessary to give the dimensions of the trenches must 
bo made on the spot. 

In important works it is best to call ui)on an engineer to set out 
the lines, but circumstances mav make it neccssarv to do without such 
professional aid. In any case, the architect should always be j)rescnt. 

Some builders, and a few architects, ]>ossess an engineer's compass, 
bv means of which they can " turn off ** the various angles around 
the buiMing with precision ; but in most cases the jiartics will arrive 
at the spot furnished only with a tape-measure, a few stakes, and a 
** mason's square,*' consisting of tliree pieces of wood nailecl toirether 
in such a way as once to have formed, pcrhajis, a right-angled trianixle. 
Even tliCiC rvAa instruments will, however, ^uHice, if the t;;])e is accu- 
rate, and especially if the architect has had the forethought to bring 
a second tope, which will nuich facilitate matters. 

The first thing to be done is to stake out the outside lines of the 
main walls of the building, the " a>hlar lines," as they are callL-d. 
Many j)errons neglect these in the first laying out, and run only the 
exterior lines of the cellar-wall, whicn usually jjrojects three or four 
inches bevond the ashlar lines, but the danirer of mistakes is nuich 
lessened, and the work in the end simplified, by setting out at the 
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bcginulo^ die perimeter of the maia nal1», ftuil tlien ilrnning par- 
iJltl llncK oiilaide of llieio tn iiidk-iLte the fttve o( baseincitt-iTall!, ur 
tlio line of vxcavatlon, aa die vm-a may he. 11/ this mcnns Uie exact 
rcUiion iff foundation and supt-rntnictuTe is shown nC n glimcc, auti 
Lbero is un 'langor of a tint! clrawn t» tnclicnti! the face of tlie foumli:- 
tion hvii^ mUtnken for the tulilar line, nnd tlie vail iwing hiiilt 
several inches ouHidu of it, as soaictimes liiipjicns where only ono 
line Is i^ivui ut lir^. much to tlio detriment uf tuhsctiuenl work. 

Tito Making out of the plan niiist Iwgin by the cetahllfdunent . 
nf KOiiA main rectangle or triangle, to whicli tlto vnrious projci:iicin» 
cnn bo ailthxl ono after the other. In lliit instance, 
tlw preliminary figure may be the rcetanglo formed bII^^'^7 
by the niirt^, including ilie nialvx, from Hie west front 
as far aa the transepts. Having fixed upon tlio loeaijon of the 
builUin?, iho line of tlio west front is determined, and upon tlii» 
line is nacasucud the wiUiU of the navo wilh iJio nisle?, to :ho outr 
side of tlie aJ»lo walls. A slLOrt slake should bo driven into (lie 
ground at eneh tind, and a copjier tuek in tlie bead of tlie stakes 
will indicttlo the c.tael ["linls. The next step is to run lines from 
tliPW INiiiits ol ri^ht angles with the first line, wliiclt will represent 



I the tatx of ibe fusla walls. 



! 



M 



mrvej'or's cianpasa is nt hsnil, the 

right an;;l8 m easily Inrued ufEi 

.*; if not, tlio best way of proceed- 

._ /' : iug is thai shown in Fig. 13, 

\ y \ where A B la tlie line of the 

^, /' ; west front, X Y ronrking tlie 

V. I i«i.liii of navo and ni-.k.s. Pind 

/ ', I from tho plans tlio distance Y T, 

,' "\ ; from llie west front to the auglo 

'' V^ I of llio transept, and cMloiilato llie 

'- ;y diagonal dintanee fruin X to T, 

B by aiding tho wjuan's of X V 
* and Y T, and exiracilng the 

; of llieir sum. (The tqwire nf Ihr hj)iiithtnuse of a 
I rigkl^afili'J triiiitglf. ii eijuat to the num <tf lUr. K]uartii on Ihr Ug»^ 
[ Tliaa toko lifo tape* and jihicing the ring of one at X, and 
[ aE tba nllier at Y. mcasnrc from X on llie first tlie length of tlie 
, just found, and on iliu tevund lite dislaneu Y T, oud 
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Mng the two points together. ^lark the place where the measure- 
ments on the two tapes coincide with another stake and cop|)er tack. 
Change the tapes over, and measure X S equal to 

DiaVo"nlu5 ^' ^> ^^"^ ^^^^ diagonal Y S equal to X T, and mark 
the spot where the points again coincide with a fourth 
stake and tack. Verify the work by measuring the distance between 
tlui two eastern stakes, S and T, which should ecjual that between X 
and Y. If the measurements have been accurately made, the four 
stakes will form the corners of a perfect rectangle. Care must be 
taken to keep the measuring-tape level. If the grouncl 

Lllvel! *** ^*^^^ ^^ ^^' ^*^*^^^*""> t^**^ ^^P^ should at tlie lowest 
[loint be held up so that the ends will be at the same 
level, and a plumb-line dropped from the correct point on the tape to 
the ground will give the position of tlie stake. It will save time and 
trouble to have the lengths of the diagonals calculated beforehand 
and marked on the plans ; not only for the main rectangle but for 



mmcir ones. 

Perhaj)s two tapes will not be at hand, 
or the mathematical attainments of the 

.-party may not 
extend to the 



• ••••• ••^•» ■••*»• .^ •»••— 




Jt* 



Fig. 14. 



Fig. 15. 



> 4 



f 

I 
I 
I 



extraction of 

s<juare ri)ots. In 

that ca.-e, after 

settinj^ out tlic 

line of the west- 
j ern front as be- 

! fore, measun; off 

one of the two long sides of the preliminary rectangle, as nearly 
at right angles with the base line as pos.»jil)le. By stretching a strintr 
^^ for the base line, with another for the long side of 

Flve***Ru?e/' ^^^^ rectangle, the latter can be brought approximately 
to the proper direction by the help of the mas^on's 
s(iuare (Fig. 14) or by the application of the "three, four and five 
rule"; which consists in marking a jioint on one string three feet 
from the angle, and on the other four feet from the same an^le, then 
a<ljusting the relative position of the two until a straight line drawn 
diagonally across the angle, between the two points, measures exactly 
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6n feet. (Fig, 15.) Then tl.c two dtriags will form b right mialu, 
Miioe S » lliB b^poEhciitiEc of a right-angled triimglB whose oihui 
aiilM ini'uure 4 and 3 iixri, 

Ilttving found dio anf;lu approiimately by tUcM! means, n Etake 
»honliI be temporsril)- driven at Uic extremtt}' of tlic I'tiig side of the 
rectangle *o found, ami tlie otlicr biJo «vt out parallisl vrith this, by 
meHFiirin^ the distnnco C D (Fig. IG) eijuii! to A B, from (he jioiiit 
C, distant on a second lino. A C, as far from A as D U liihtant from 



A.-i... 



/\ // 

I yi 

Aj/. ka.. 

Fig. 17. 



B> TUi3i tlie figure A C D B will be h pa'^Hflogram, eince its oppo 

I fih) aidefl aro (.ijtiali but it umy nut bu a rtctangle. As & tuat, Ihu 

diagonals atiuiilil bo uieaeured. If tliciy are iiDi.i]ual, tbo figure, in- 

d of being recinngular, has ihc form of wliii'U Vv*. 1 7 is nn liiag- 
I gerated Te|>ro»i-ntJltion. To remedy this, move the Klake B, at the 
I fkrttot eztnimity of the lon^st diagonal, toward the xiake C, a dis- 
\ Unn about et|iial to tno-thirds of ttic diScruncu in length botwvDn 
I tll6 two diagonal)!. Then muvo the stake C an cijuol diataneo in iho 

direction, to as tu keep tlii; length of tliat t>idc of the rectangle 
I coiTOOt- Uencurc tbu diiigonaN again, nod if nowfonnd to bn oqnaj, 
I verify ftll tlie mensurvmetitH. tbca drive tlie stakes fimily and set cop- 
I per tacki as bvfure, Tliit preli miliary rcctangli- liaring been nccn- 
I ntdy narked out, tho r«»l of the work followi eaaily. 

Lay out tlie trwMwpt* by itwiching a line iliroagh the eastern side 
I of llw n-etanglo Jimi toiiml, prolonging it indofinintly at each end. 
I Prolong alMj the north iind taiith ildt's of the roctangle hidellnitely 

nnl, IfSy ofE tliti pruJBction of the transept, m* flgurcd on tbo 
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plan, on the extension of the ea^t s-ide of the rectangle; from this 
point, parallel to the main axis of the building, measure the proper 

width of tlie transei)t. Measure the same distance on 

itc^nKhn, ^**^ l^^^ ngation of the north and south sides o£ the 

rectangle, and from the points thus found lajr off again, 

approximately at a right .^ «.,.—, 

angle, tlie projection of • • 

the tran/icpt. Join, if 

thev do not already co- f" 

incidc, thi^ ])oint to the : 

corre^jxjnding one found 5 

Ijv nieasurin'' iiarallcl to ! 

the axi**; the place of L-. 

HKM'tiug will be the true 

north-cast or south-cast 

angle of tlu; transept. 

Drive Htakcs at all the 

anglc*< thus found, ancl set 

coppc.r tJU'ks to mark the 

exact points. 

T h c 8 e secondary rec- 
tan;:li'.«, rcpn*K.'iiting the 
transepts, will liave their ^'*' '^" 

anodes correct without further trouble, since A C I) B having been 
niad<' truly r<'<*tan;ridar, the an'^U-, F 1) E, included between the pro- 
loii;;:Uir>ns of tlu; line.*, D H and C 1), Mhich include a ri^^lit angle, will 
itself b«i a right angle, and one a: iilc of the parallclo^am, D F G E, 
of which the oi)iK>sitc sides are measured ctjual, being a right angle, 
(iic others are also rijxht anirlc^. 

To determine the apsidal curve, bolh for the walls and the excava- 
tion, it is necessary to fix the centre, from whieh an arc of the re({uis- 
ite radius can Ixi struck whenever needed. (A, Fig. 10.) 

The usual way of striking such an arc is to drive a stronjir stake at 
the centre, with a nail or spike inserted at the ])roix;r 

Curve° place in the head of the slako, and usini^ a long rod 

with a notch fitting against the ccnual spike and cut 

to the refjuisite radius to <lepcril)e the curvt*. At the first setting-out, 

such a stake may 1x5 driven for temporary use, the apsidal semi- 
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circle described and marked with a number of small stakes or b 
line cut in Uic turf wiLli a tpailn. Tlien tbe excavation can begin 
at tbis lioo, but as the central slake would soon be dug anaj-, it 
is neceRsary to provide means for recovering it at pleasure. Tbis 
ean beet be dune hy fixing points enlirely outside tbe excavation 
from wliicli lines can be stretched nliieb will hy tbeir intcrseetion 
indicaie tbe jioint retjuired. For our purposes four such jioints 
will be necessary. Two of these, J K, may with advantage be sit- 
uated on llie prolongations of tlic lines which nbow the nortliern 
and southern ashlar lines of the transepts, and the distance from tlie 
an''le»', G and II, uf the transepts should be twice tlie distance from 
tbe centre of :'a imaginary- lino connecting G and II to the point, A. 
Then two cords, one stretched from II to J, and the other from G to 
K, will cross each other over A. One more step remains to be taken. 
As the stakes which at first indicate the actual points, G and II, will 



J 



i 1 

b« removed by llw excavation, it ia ncccssarj- to drive pujiplemeniary 
stakes. P and Q, with co|i|K.-r tacks in tluir beails at any point on the 
bncs just found. Tlien cords, Hretehed from thepe intermediate 
point,*, will serve the same purpofc a 



and tbe stakes which mark tin 



n will r 



t be disturbi'd. The second- 



22 



BUILDING SUPERINTEXDEKCE. 



ary rectangles, which are formed by the aisles, tower, porch, robing- 
room, or organ-room, can be easily laid out in the same manner as 
that described for the transepts. 

As the stakes which now mark the corners of the building will be 
dug away as soon as the excavation is bejj^un, it is necessary to pro- 
vide some further means hy which their positions can still Ixj shown 
when the stakes themselves are removed. This is done in much the 
same way that the centre of the apse circle was fixed, — by making 
the point to be marked fall at the intersection of two straight lines 
drawn from some more distant stations, which in the case of the cor- 
ners of a rectangle may best be situated on the prolongations of its 
sides, as shown in Fig. 20, where the point. A, is marked with as 
much precision by the intersection of the lines stretched from the in- 
definite points, X and Y, as it would be by a stake. 







Fig. 21. 



•-^ 






Fig. 20. 



^ 



Fig. 22. 



Batter-Boards. 



In practice, the points, X and Y, are usually given, not by stakes, but 
by notches, or horizontal *' batter-boanls," which are 
nailed to stout stakes, five or six feet apart. (Fig. 21.) 
Two of these batter-boards are necessarv to determine each ancjle 
(Fig. 22), and as it is of great imix>rtance that they should be firm 
and permanent, they must be set up four or five feet back from the 
edge of the excavation, or more, if this is to be very deep, and the 
stakes set firmlv in the ground. They must, moreover, be as nearly 



BflLDISQ srPEIUXTEM>ESCE. 23 

ft levi'I as ]iui^gibli', dmau which stand at tLk- lover purtioDS oE tliu 
sit« twtag ruiaL-U ou UigU but «iroug *takes. Uuvuig eut up ibcM? 
biitler-buarils opposjli; the corners ulruHilj' (ouiiU, lini's 
" ' julil bu Btrvli-lieil bctwuvo tlicin (Fig. 33) no iks to coin- 
cide nith tLe lines alretuly markod by the eukea. riuiub- 
lines suspended from tliQ conla over tho 9takii» will sliutr 
wluin the;' pass exactly over tlic copper lacks wliioh mark 
the precise points to be transferred, aod as cacli line is 
accurate]}- GxoJ, a small noUU sboulil bu cut in the Imard 
where tlic string passes over it. ^Vlien all Ihc lines nru 
lixcd upon tlie butter-boards, the first set of DoLcbea will, 
if tliu ashlar faco of the walls was taken for tlic measure- 
ments, serve at any time to fix tliu line of lliat faes 
any wall. Tliu prujeulion of the water-table or base 
course be}'ond the aslilar surFace. the pmjcction of the 
ontv (aco of tho foundation, ihc tliickness both of the foundation 
and the superstructure, con be indicatud by noiches on the bnCter- 
boanb, measureil from the original notch, and marked go that they 
can be readily ilistln};uisheii, as shown in Fig. 2-1. 



JL 



1^1 
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Banch Mark. 



It is well U> fix ono batter-board, at least, at the boi;jbt of s 
given level of tlic building, fts for instance, at ibe top of tho wa 
tablv. If an engineer is at hand, or If the architi 
or contractor can use it level, there is a great advantage 
In Klling the top uf all the batter-hoards nt exactly this height : then 
tbu lUWODM will bu able, when thu time comes for setting this courae, 
to lui'ol acrons (rum liiu baliiir-buards at VATions points, and tlms 
obtain a lino nior« {turfectly liorixontsl, and with less trouble than 
would l» jJOHsiblu hy starting from a single point. 

Tbe fixing of tlie batlcr-Uiards comjiletei the settin^ut of the 
buililing, and a lino may then be cut witli spules, some fiflecn or six. 
teen inulies oitUido uf tJiu orif^'inal stakcf, y/hkh can then be rcmoi-ed 
■bJ lite work of escavatloa beguu. 
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AH the business of staking out ibe building bulun^ properlv to the 
I'linlr.-ivlor, iiulc»s an ongioerr is Qmiilo^t-il, but the arcliit«ct fImuM 

alwavs l>c prcs- 
Importance i-[|C tu fee it done 

Plantation. a"'' v^'"'?' '''".^^r^^^ 

iiii[| cspttially to obstrvi; 
ill-cur ac)- vt the anglus 
criicinl tost of the roctanstilarily 
«f t]iu linc-s in tlio mcii.1 
of thediagonn!!<, which slioiilil 
be insislod u[K>n,anrl tliu xtakcs 
fhifiod p;itii!!itlj' until Ihcy arc 
at tlic outsut, the superintendent 
tlio uppor walls Ihto and tlicre ■ 




If tliis is not attended 
■ likely to sec STibscqiientl; 
■erhanginj tiio foimdaiion. 



the 

attempt to hrin'^ hack the superstructure toils propcrsliape (Fig, 2,i); 
or, in the finisliin;, to find iluors anil windows unexpectedly cramped 
or thrown out of centre, the. pattern of tlie tesseialeil pavement 
tapering off to notliin'^ at one end, iho frescoeil ceilings misshapen, 
carpets fillin',' hadly.nr some oilier of tlie innumerable vi 



cliald. 
While tlie 



■not 



itit. 



are cutting the sod in lon^ strijis and rolling 

it up, which iiiny lie di'siraUe if it can lie used fur iiiiproviog pop- 

tionj of the Int. it is neeessary to choose plaii's when.' the |ja;n iVom 

till! Riirfai'C and the gravel from heneaLli may hi; pileil 

Diapoial of up i-i'paralclv in " sp')il-hanki>," out of the way of 

Visr '""■'"'3 °i«""°»'. '-< »,'■»' "' '"'' '■" "» ","» 

puh>i-c]iient prading. Nothing is mure fmimnn than 
tri see the earth from ft cellar llirown out at one ed^-e of the excar 
valion, to bo «oon after ahnvrlled over a^jain in order to dig a platv 
fur some pier or jiosl ; then, p.Thaps, the mirldle of the li.Mp turned 
over a third lime, to cut a trench for .Irain or other iii|ie--. ami 
finally the greater part of the mass fhovelled n'.-ain ii.ro wheel- 
barrows, and transported halfway ariiiind the buildiu]!, to be used 
for grading up in some jilaee on the other fide, where it might just 
as well liave Iwun thrown in the first jilacc. 

Let the young superintendent, therefore, think whi.o the travel i« 
likely to be used for grading or road-building, and how the i:';T>i 
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F BM }n man eoavani«Ti\\y arranged, in rcftT?nco botli la Ita fuliira 

I uiG, aiul lo ll.u lun«t Itiborious modo of brin^n^ it frum llici cellar. 

I The nmounlnf matorial which Uie ccll&r nili furiii^li cnn be Approxi- 

loalely eflimalPil wilh very litllc Irouble, as wfll as ttic (juantity 

wliicli will lio neecicl for lie grsuimg about Uie building, m that if 

ttiero proves to tu a turplua whivh must be proiiilcil for, places niily 

bo arraagcil for ilisposin^ of il, citlier in Ijlling up hollows nbouc the 

, gr&ding iho apiifnnclics forming teiT.ici^!>, or oilier improve- 

I mcnts; and tlio pnrlh amy tlicn bo cscnvitUil from ilic i-ollnr, hanlctl 

a the plncu Hcflznatcil, and dumped In immcilintely, nithuut having 

I to be ttrico handlist. AMierevcr grass ia intcndcil to coi-er the new 

Borlnce, loun must \x piled near, or brought from other puria of the 

I excftTttlion. 

The location of ibe avenue* and pathn, with ihc ilraina^ works 
lece^sar}-, should Im> iletcrmlnt.'d at the oulH't, anrl iimrked upon tlie 
I plan vlilch tlic fitperitiicniknt must have always at hand to ri^fer to. 
A largo npncc on ilm luost lovi'I p«rl o( tlie ground, and not far 
I from tho principal crli-nnce, phoiilil b« reserved tor nnlonding and 
I piling up timlier, and for frnming. Iloora mu» also lie left tor de- 
[ llrcring flonc at various jKiints nroond the building, 

I fur other matertala. Eppceially «liould the area SS^ntS for 
I nboiit llia mala entraniH! be kept free of obstruction. Matarlal*. 
kXbcM cores properly bi.Oons to tliu contractor, slnec 
t llw extra expense and delay eaiiBed by rt^•handli^g and improper di^ 
of matt-rial must be paid by him, but the clKeient ami inl«lllgent 
E cvndnct of siicli works ia iodireelly ndvanti^eous to alt jMirtles, nn'l 
I Ibu •upCTintcnilent. by Ua greater familiarity with tho plann, ai well, 
I perliaps as Ida sirperior akill in inlerprcting their indicntiont, i» able 
I to fcntcc fulurc contingencies more clearly oven ihait ihoie who will 
I niifcr most by want of due precaution. 

Applj-ing thPMS observations lo our prcsont building, wo notice tho 
I coadttlons to bo as follows : The street nins along the hjwIi >idi' of 
I tho (at ; and llm grouml iloping gently toward tlie east, the 1x'>t jiLioe 
I for thti vntrancu roadway will be near ibo western end 
I of the liuihline, arranging it, if no other coaaidcr.itinni" Omatng. 

1 oppoc, »o thiit iliii grailo will ascenil fUghtJy from the rtrcct. TIris 
I will be of ndvantn^c In sceuring an outlet for water Inin the street- 
I gutters during heavy rains. Tlio buiidlos it not on the rrot of tho 
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hill, the ground rising continuously westward. It will therefore be 
necessary, in order to prevent the water running down the hill from 
reaching the walls, which it would soon saturate, to grade up at the 
west front of the church suOicicutly to turn it back by a slight slope 
in the reverse direction; and it will improve the apjiearance of the 
structure to have this graded surface somewhat extensive, so as to 
form a plateau in front of the building, nearly level, and spacious 
enough to turn a carriage easily. This level will bo continued alonj; 
the south wall of the church as far as the porch opening into tho 
south transept, forming a terrace, wide enough for a foot-path, and 
regaining the natural surface southward and eastward by easy slopes. 

The avenue crosses a small natural basin before reaching the plar 
teau, and beyond it continues along the north side of the building to 
the sheds, which are situated at some distance to the north-east. A 
separate foot-path from the street leads to the entrances of the robing- 
room and the society-room in the basement. 

The gravel from the excavation will therefore be principally needed 
for the plateau and terrace on the west and south sides, and for the 
paths and avenues ; and the loam will nearly all be used on the south 
side, where a deep soil is desirable to insure a good growth of grass. 
It should therefore, as it is stripped from the surface of the cxcava* 
tion, be piled in a heap south of the south transept. 

It will be very advantageous for the avenue to have it hardened by 
the tratfic of heavy teams bringing materials, and equally an advan- 
tage for the teams to have a practicable road for wet weather, in- 
stead of being obliged to go over the grass-land, which is soon cut 
into a mass of mud. Hence while the turf and loam 
venue j^ being stripped off the site of the church, the drive- 
way should be staked out, together with the plateau 
in front of the church, and the terrace, and in order that the new 
material mav unite with the subsoil beneath, the surface should he 
ploughed, the loam taken off, and fiddcd to the main " spoil-bank." 

As fast as this is done, a gang of laborers should dig a trench 
eighteen inches wide and two feet deep on each side of the roadway, 
throwing the gravel into the middle ; and then fill these trenchps half 
full of stones, put six inches of hay or straw over the stones, and 
throw back gravel enough to fill the trenches. 

The French drain, or trench filled with stones, should be c^^.Uaued 
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nrounJ the si'le of the plateau next the hill, and maJu cnusiiltirably 

I iluep«r in that [ilac-e — three to six feet, according to the «]iringiness 

I uf the EoiL The objeoC of it is to prevent witter from working in at 

' lli9 aides and softening the gravel of the rond just below the surface, 

\ lireaking tliis up, however hard it may havu become. If stone* cao- 

I not be hail, agricultural drain-tila may he laid in the trench, and the 

joints covered over with a piece of paper before filling up with 

graveL The roail tlius dL-Fcnded against liie nadermintng intluenee 

mter from tho sides will soon be dry and hard, though below iho 

general lurfuce, and ready for the gravel-carts which will by this 

time bu ready lo bring their loads from the cellar excavation, coming 

) the surface by n runway at the eastern end, where the height is 

least, and passiug along the rudimentary avenue at the north side of 

tlie building to deposit them, Tirst on the plateau, until Ihat is brought 

I up to the height reipiircd, and then upon the avenue, a sulHuient 

I quantity being dum]>«d in the hollow near the end to bring up the 

I grade to a uniform slope with the rest. 

Betides the deep intercepting drain around the upper edge of th» 
plstean, it is best in all but tlie most porous soils to make another 
L French drain uoder the jilntcau itself, in the shape of a V, tho ver- 
E tex of whieh points up tlie hill, while the extremities of the legs end 
[ in tlic road drnins one to tliu north and the uther to the south of the 
[«m euii of llie church. This will prevent tlie water which falls 
I upon ur pjts ill bonuiilll llie fresh surface of the plateau from running 
L along tlie comparatively hard, (sloping stratiun of natural »oil beneath 
f toward the foundniiou walb of llie building, which will soon be pen- 
I Olratod by its persistent flow. It will bo best to leave the avenues al 
1 a grade nhnut six inches Iftlow the final level. If well drained ihey 
swin Iweumu hard under the licavy traflic, and a linal coating of 
[ A%. lodhea of screened gravel at tlie completion of tho building, 
I brougttC lo a neat surface, will givo a good and durable finish lo tho 
I work. 

The terracing along the south side tuny be provided for most 
I economically, if the ground is firm, by directing tlic excavated mate- 
on that sido to Imi ilirown out on tha bantc wirhout loading into 
I cart* ; but if tliu soil is soft or sandy, the edge of tho excavation must 
I not bo weightiil with material until tho cellar walls are built, or It Is 
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The contractor for tbo buildiDg is not obliged to do all these works, 
unless they are mentioned in tlie specification or contract In gen- 
eral, if there is no agreement otherwise, the builder is expected to 
take off and reserve the sods, transport and pile the loam and gravel 
separately wherever directed within the bounds of a reasonably large 
lot, but he would not be expected to spread and level the material, 
except about the building, unless such levelling were mentioned spe- 
cifically. The other works mentioned, although they are best carried 
on at the same time, would be included in a separate contract in con- 
nection with the subsequent terracing, planting, sodding, or gardener's 
work which might be determined upon for the general adornment of 
the lot. 

To recapitulate the most important things to be remembered, and 
Recapltula- precautions to be observed in first laying out the build* 
tlon. injT and starting; the work : — 

Examine the figures on the plans, to see if they arc correct. 

See that the steel or other tapes used are dirided into feet an«l 
inches, not into feet and tentlis of a foot. 

Stake out provisionally the actual ashlar lines of the building. 

Measure the diagonals of the principal rectangles. 

Transfer the lines given by the stakes to batter-boards, permanently 
fixed. If the ground is not level, or nearly so, the horizontal dimen- 
sions must be measured level, and transferred to the stakes by a 
plumb-line. After determining the ashlar lines, the foundation-walls 
should be marked on the batter- boards, and the lines of the excava* 
tlon given about eight inches outside the face of the foundations. 

Set some permanent mark representing cither the top of the floor- 
beams, the water-table, or any other convenient level, providing caro> 
fully for the change in the surface of the ground which will be maile 
by the subsequent grading. Write distinctly on this stake or *' bench 
mark ** the level which it is intended to represent, and also the depth 
of the cellar bottom below it, allowing three inches for concrete. 

Consider and decide about the laying-out of the lot, and if any of 
the avenues can be used in the building operations have them imme- 
diately staked out, cleared of loam, and drained. 

Confer with the contractor in regard to the most convenient place 

for delivering the materials and dumping gravel. Explain to 1dm 

he future plan of grading, and interest him in your provisions for 
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liiliu;; Dnneceaaary handling of tha earth, so that your dirccliona 
' not «ceiii arbitrary. Remember to leave vpacet as follows : — 
Kot leratbimB.EOOeqiuireteet forpllea of Inmber. 
T«u or thr«<9 plotM of DOO iquaie lect oarli tar briuh nod rnblde. 
About SOO squnre tMt tor otUor mntetbtla. 
^'^Iicse to be near ihc building, but leaving epace for heavr t4^m9 Eo 
u u|i, iinluuil. turn, and };a uuU Spaco may also be ni^eiied near 
(true! as follows ; — 

1,000 (qaan (eet tor ■Ume-cuitUiK slieds. 
l.OUO " " rough blocks of ttono, 

Dctermino the positioo of tlio main provisional enlrance, and keep 
1x1 approach tu it i-luor. This eotrsiioo need not oeeeEfliirily' be one 
I'tf tUo rugulur oliuroli diwri. In this instanm, the main sccecs to the 
f eburcli, through ihe lower, is somewhat tortuous for the iniroduotjon 
t lon^ timber! or othi:r bulky materials, m that it will bo liest to 
I provide a temporary one, wLicli uan bo done by leaving the arch of 
"le largo west window op«n down to iho ground. When llie necea- 
bty fur so lar^ an entrance U ovor, the wall con easily bo Imilt up 
l> high as the sill. 

' We will anppone that the mutiora treated of in the foregoing notes 
o been Mlisfaetorlly disposed of, and the laborers have been some 
bys at work. By this time it will bo necessary to appear again up- 
D Uio tJTOum). The second vbit &a(b the loam Removed, and the 
Cjtvalloiu completed down to the cellar bottom ai the western end. 
as are liaiiling rubblo-stone for cellar walls, and a car-load of 
ag lumber has arrived on the ground. 

■X the superintendent L>eaia by going all around the outside of 
a building, comparing tbo excavated linos with the mark^ on the 
AtUr-boarda. Any mistakes should be pointed out 
i nnoo, before ihoy ate driven from the mind by *Mctfon"* 
tr motlcrs- Next, let bim make the tour of thv in- 
f Ui* excavation, examining the bank carefully, lli- Tmds tljo 
d at tlia lower, or eastern end to bo a fino gravel inixed wiih 
Mat. The bank at the uppur end, fur livu or six 

be surface, is com|>osodof a similar gravel, ^r trra 
II below this appear* a stratum of greunish elaj-, hard ■«oa»Mion. 
' te upper part, but softening into mud below. The clay continues 
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Clay Stratum. 



along the bank to the site of the tower, where it ends in a large mass 
of loose slaty rock, from which water trickles rapidly. The south 
side of the tower excavation shows only gravel. 

These appearances demand careful consideration, for they indicate 
a state of affairs involving both serious dangers to be overcome, and 
costly extra works to be planned, and the payment for them satis- 
factorily arranged. 

The operations which will be necessary in the present case will be 
best understood by going through a process of reasoning similar to 
that which should occupy the superintendent's mind on viewing the 
circumstances. 

The appearance of the hard clay stratum a short distance below 
the gravel at the upper side of the excavation warns us that it is first 
of all necessary to cut off the water, which in rainy 
weather will soak through the gravel, and collecting 
on top of the clay will follow it down hill in a wide, shallow sheet, 
so that the foundation wall, at the line where the clay stratum comes 

against it, would soon be soaked. 
We have had the trenches cut eight 
inches wider than the wall, express- 
ly for the purpose of allowing this 
to be built up smooth and independ- 
ent on the outside, and protecting 
it by filling the vacant space with 
gravel, which will intercept a part 
of the descending sheet, but this is 
not enough ; a trench must be dug a 
few feet in front of the west wall 
of the church, deep enough to cut 
into the clay stratum the whole 
length. If the clay bed slopes northward or southward, as well as 
eastward, the trench may follow it downward, discharging into one of 
the road drains. (Fig. 26.) If its section in that direction is hori- 
zontal, the trench may take the form of a shallow V, with an outlet 
at each end. These trenches are to be half filled with loose stones, 
covered with straw or hay, and filled up with gravel. 

The water descending the hill on the surface of the clay stratmn 
is thus completely intercepted, and if it were not for the ledge of 




Fig. 26. 
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I fockf, nliicli. as we Save atccrUineil, exicnds beneath tlie clny tieil. 
o woulil be no ncfd ot any further precaution", unless to givt a 
■i^lle estJQ <i«pth to the trenehes in tlje clay, to iusure againat tlio 

■ efFeutB of frust, whii/ti will punetrate a foot deeper in a clay Eoil iban 
" 1 dry grarel. 

But by doeer attention wo shall finil that the clay beil is uniformly 

Urdest at tlio top, auil grows softer ilownwanl, being softest just 

Vitbove the Icilgc. 'I'liis means that tlie rain falling on the hill above, 

IjUtering Jown througli ilie gravel and clay strata till it reaches the 

Kfuck, is there arrestc-i] and cunipvlluil to deMcnil along its surface, 

J-^iorking its way between the slone and the overlying clay, nliicb it 

»duecs to a mud eo tldn, after protracted wet weather, 

t the lupcrincumbcnt material will Flide along t!io*"J*^JJJJ'p^'^*" 

top of the ledge thus lubricated, if any way is open for 

^ttoempe. The indicationsare that the ledge ejclends along the whole 

■ Titttcm lino of the building, and by excavuling the church eellor, a 
tspace will be open into wluch the clay, prested u|>on by the weight of 
llhe walla which come over that portion of tlic foundation, will be able 
l,to foree ill wny, the culUr floor risins; and tho wall actillng. asi the 
Iwfl mud beneatli ie squeezed out undi^r iha load, (I'ig. 27.) Thin la 

no imaginary danaer, 
hut is tho cerlnin con- 
per|nenco of tlie oper- 
ations propostHl, How 
, con the programme be 
changed to meet the 
dilKculty? 

It inltdit be posHiblo 
o out an intercepting trench in the ledge, ■imllar to that hy wlitch we 
e te cut oil the wafer deseenjliig on the surface of the clay; 
It this would he cxjiennive, and there might be seams of 1on»e roelc. 
,e that found undvr tlw tower, throush which ilio sirenmB would run 
ir of the ledge, and coming ngnin to its surfitcc below the 
U would fL-ndcr thi« nsclesii. 
Might nut tlia foundation be carried through ihu clay to (ho ruck 
>U? 

This woalil be elTeetual in preventing setllemenU hut from the In. 
'tnatlbO ot llie Hurfaee of liie ledgu expOHid under the lower at thn 
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north-west corner, we can roughly estimate that the rock under the 
north-west angle would be at least ten feet below the cellar bottom, 
and to carry the foundation to this depth would add materially to the 
cost of the building. Besides, it would be hardly wise to dam up the 
descending water by a continuous wall, which would be in danger of 
being gradually undermined by tlie flow.* Rather let us bring up piers 
from the rock, with arches below the cellar floor level, and the wall 
can then rest on these arches without danger of settlement, while the 
water will find its way between them and continue its course, far 
enough Ix'low the cellar floor to do no harm. For these piers we will 
u^e concrete, which will be much cheaper than brick or stone masonry, 
and will resist better the undermining action of the subterranean 
water. 

A short deliberation is needed to convince us that this is the best 
mode of overcomin<; the diflicultv, and the arches are marked out on 
the foundation plan, through the whole extent of the west front, 
leaving the largest opening in the middle of the wall, under the great 
west window. Whether similar arches shall be continued under the 
north and south walls is next to be considered ; but these are so much 
lighter than the west gable wall tliat their effect on the clay bed 
would be far less ; moreover, this bed is here at a much greater dis- 
tance from the surface, and» most important of all, the effect of a 
vertical pressure would be to press it outward, instead of inward 
toward the excavation, so that the weight and inertia of the whole 
depth of gravel above it will operate to keep it in place. There is 
some danger of unequal settlement at the junction of these walls, 
which stand on slightly compressible gravel, with the west wall, which 
by its piers extends to the incompressible rock ; so we will enlarge the 
footings of these walls near the junction, thereby spreading the 
weight over a large surface, and reducing the land on each S(|uarc 
foot of jrravel so far that it will be borne without anv vieldinij. An 
additional six inches on each side, obtained by adding one course of 
footinirs, will suffice, if the stones are reasonablv flat, and makinij a 
memorandum of this we proceed to consider the foundation of the 
tower. 

Here there is no doubt as to the support, the rock being every- 
where above or near the level of the footings. The |>oint requir- 
ing most attention is the spring of water flowing from the seam of 
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loose rotk. TIilto is only one thing lo he thouylit of; Umt in, to 
coUuvt tliia waiL-r in u ciivureil receptacle which cannut overllow, nod 
<Ma\ey it by a ti^lit conduit to a mSe outfnll bevond 
0.0 wftlU of ihu building. ThiBwiUbownnuwhatcostly, ""r^J.'" 
uid tiie buililcr, and perhaps tlie cUiiri'ti committee, 
destroiK of ai'oiUing needlc*i» expenn:, will quole the eiampleof other 
strinrluri's in tlio neighborhood which have uni-overed springs in tlie 
cellar, and whi-rc Uiey &re aliowcd to flow away by an ii|H>n iihanntl, 
but Una archik-ct or Buperiniendcnt slioiild not allow hiiuitelf u> he 
parsiHuiwl by these anroments. Ho will find, if he „ _ 
i-aroa to inipiire, that in every one of the bmlilings 
meDlioDCil, the c-i-llar wiilU and ceilings are dripping with nioiatnre, 
the lint story beams are bliu;kening with inuipiunl decay, tho atruL'- 
tures tlicmselvcs ore chilly and dilhuult to warm in winter, and a |ien- 
etrating nmell liangs about tlicia in auniincr, espi>cialty afler rains. 
hc»Q ore tho houses where the young people die of consuiiiplioo. 
I ODD after the oilier; or the churches that one enters with a suildendu- 
I prcsiion of spirits, and leaves with a headache or a cold. Let the 
I arclulcut uhtiiit the authority due to superior knowledge, and rcfiiae 
inction anything sliort of absolute security again.^t water within 
I the cellar walk 

Fortunately, them is but one spring, although that is a copious one, 
ft iknritig wmo fifty gallons per hour. We will therefore excavate, by 
I pldc and by bliuting, a rough well on the line of tlio Kcain, just out- 
B tide tha cellar wait, and carried to a dvpth of at least 3^ feet bulow 
I llw cellar lluor. If there had been several water-bearing scams, we 
I •tiould havo b-.'i'ii coinpelkJ, inslL-ad of excavating the well outside 
llbe wall, to make it bt-nvath the wall itself, by cutting the trenches 
[nro feet orniiirc liclowtliu cellar floor, and putting in the first (ounda- 
stnnc* dry, without mortar, «o that the water could collect in the 
ftVwaut ipacei. This would keep the moisturu from invading tho 
Bcallar, but the wait might be damp (rijiii the water xanding beneftth 
1% M that a will entirely oulslile of tlio wall is pruforalle. W« will. 
■liOWQTor, to provide for tlio pus&ibilily of water coming in wet wealliur 
llhroagh i-nma now ilry, di-vpen tlie trcnchus about a foot, and lay 
■ first euurso of stones dry, brin-;ing this trench into communtca- 
Btiim with the well, so that water eiilurlti^ under any part of tlio wall 
B*slU And its way to (bo well A ciianngl is ilion lu bo made, and a 
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tight pipe laid with cemente<l joiuts below the cellar lloor from the 
well, across the tower and under tlie opposite wall to the outside of 
tlie building, until the gravel is reached, where the pipe may end in 
a pit filled with loose stones. 

Having plainly indicated the arches, j)ier8, drains and well, the 
question is to be settled, — Who shall pay for all this extra work ? 

The principle to be kept in view in the decision is that, unless 
some sj>ecial agreement has been made, the builder cannot be oblige<l 
to pay the cost of extra foundation, concrete, or other works ren- 
dered necessary by ])eculiarities of the ground which could not 
have been reasonably expected or foreseen when the contract was 
signed : he is, however, assumed to have examined the ground where 
the proposed building was to stand, and to have included in his con- 
tract price the risk of common defects, such as clay beds in gravel, 
rock in a spot where the ledge appears on the surface near by, or of 
springs in any soil. 

Of course the best way would have been to bore at different points 
around the building, to find out the depth and nature of the soil, and 
by the light of these tests to draw the foundation plans and specify 
the various works, but this is rarelv done in ordinarv buildin^rs, and 
the object of this treatise is as much to come to the rescue in the com- 
mon cases of forgetfulness, omission, or unforeseen difficulty, as to 
point out the course which would be absolutely the best for all 
buildings. 

In the present case, it is decided that, the clay seam being a com- 
mon occurrence in gravelly soils, the contractor shall bear the exi)en8e 
of the trench and drain for cutting off the water which would flow 

over its surface toward the building ; and sliall also 
^^%f Cost!*" V^y ^^^ ^^^^ drain to carry off the si)ring-water from 
under the tower ; but that the cost of carrvinjj down 
the foundations of the west wall beyond the point shown on the 
drawings, the extra width of footings under the north wall, and the 
necessary blasting under the tower, shall fall on the church, for the 
reason that the ledge did not appear above ground anywhere near 
the site of the building, and therefore its existence so near the sur- 
face as to interfere with the foundations would not reasonably be 
inferred with suflTicient certainty to form an element in the contract 
price ; the same rule applying also to the clay bed resting on the rock. 
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Tlie new work *Uould be tloarl/ described in a siippleiiieutarj' 

twUivtttion, giving llia proportion of cement. Band, and pebbles in 

', ut-'Utiouing the large flat atonee wliicb sliould form lUe 

mpper part of tliu pivrs, and from wbicb the aruhei will spring ; rc- 

jolring lliat the arcbes »ball be built on centres, of good, hard brick, 

~D mgrtw mado witli one piirt sand to one of cement, in four row- 

t>ck» tot tbc small arches, anil Tivc in llio large one ; with any other 

s wiiicb may miiko the meaning mure t:\viiT, Tlie drawings 

linuli) Iw rcvlifiud by notes nnJ dingruus in thv margin, m record uC 

ktl tho facta, willi copies of all iniit ructions and orders, kt>pt by the 

miwrintCDdcnt, and a price agreed upon, eeCting off against the cost 

f blasting under the luircr the amount of earth excavation saved. 

Hill tbe VltluR of ihe rough stone obtained. An additional agree- 

Bent, embodying lliu sujiplementary specification and the extra price 

1 upon, U dmwu up, signed by both panics, and attaalied to 

e ori^nal contract, and the work is ready lu proceed. 

All tliii sounds long, but it is lime well tijicnt, for a few hours more 

B arranging the preliminaries will save Uuys at well as dollars to 

}| partie* in the final tcttlcnient. A glance at the rough ttone 

delivered, with an admonilion lo tlie builder to get the fooling^lones 

It dal M potsible, and the aunimary »:ndiiig off tlie ground of a lot 

I Vl&jing lumber which has just arrived, con tuning a number of 

Otty 00(1 shaky jules, calling tlie builder's attcniion at the same 

m to thdr rejection, may terminate our duties for the day. 

THE THIRI> ASI> FOCBTU VIBITS. 

Very tocm after these aftaim have been agreed ujkmi it will be 

oeuary lo make another visit to tliu building, lo sue that the 

eciiilun Is rightly begun. 

' Wa finU tho excavation {inishcd, the blasting done under the lower, 

« coilocting well iind pipe completed, and the found aliuu- wall unilcr 

It part already t^ome Rve feet high. There is no other stone-work 

KXt, and tltinkiug it a lillle strange that lliis, the moiit dilTicult 

It (if tbo work, should liave been twgun first, wo examine tlie wall 

inutijy. The inside face looks all right, the stones being perhaps a 

a Knull; but that may 1w die way tlio «tnno runs. Outside, the 

1 lia* bt-cn filled In nearly tu llic top of tlio stone-work. We 

owlmr and force it Into the gravel outcide the wall io 
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several places. Except a softnesi of the mUcrial, whicb dbowi that 
[t has not been properly rammi»l, or " puddled " bj- w«uing it thor- 
oughlv, so as to pack it closely into iti place, we obaenre nothuig out 
of the iray until we approach the comer, irher« for ■ome feet tLe 
bar, inatcBil of sinking iti full length, cloie to the outaide ot the wall, 
strikes against the solid rock not far dowti. Wo call the foreman 
and ask bim if the fouadatian-wall ttanda entirdj clear of the ledge, 
lie hesitates, and finally leplle* that the ledge, after being cut away 
tbrou^ part of the thiebiew of the wall, abowed uch a " nice flat 
top " that it seemed a pUy to excaTate it any farther, and he had 
tlicrcforo built up a tlun wall againat it as hi^ as the top, and then 
built out over the rock to make the full thicksessof die wall as ahown 
on the plans. He adds, with great apparent confidence, that "noth- 
ing can be better for part of the wall than the toltd rock." 

This explanation is specious, but in pracltce is dangerously mia- 
leading. In a wall so built, the water will find its waydllier through 
the impcreepiiblc Mam 
the leilgc or over Us 
into (he body of the ma 
ry, keeping it constantly I 
damp. Sloreover, there is L 
a Ecrious risk tJiat nnder 

the heavy weight of the 'r L 

tower, the ihin lining woU 

built up against the ledge, 

but in no way bonded to 

it, woulil separate from it ri^. is. 

and fall avay, leaving the superincumbent masoory most insecurely 

siipjiorted. 

Tlicre is, besides, the certainty that the foundation-wall, huilt partly 
on unyielduig rock, and partly of small stones laiil En eoniprcssiblu 
mortar, will setilo unequally, and crack, perhaps dislocaling the 
mnsonry above, anil at least opening an inlet for mol^•tlI^e. The 
work must thej-efore be immediately taken down to the vi-ry founda- 
tion, and the led^ cut away so ai to Wve ample spjce for [lie whole 
thickness of the cellar wall down to the footin;:*, with seven or eight 
ini'hen lulditional room outside (he masonry to enable it lobe properly 
pointed, and for packing in behind it a screen of gravel, which will 
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fttpl nnil carry wtfi'ly Jown lo tho ttraiDs whttever waWr may 
iMzi- Itirrtagli UiQ veiM ol ihe rock. The workmen will probaUy 
profesH never to bftve licaril of n (ounilatioD in which the Inok vm 
not inicDiionally out jusi to cointiiio villi the outsiJo _ ,^ _ 
line of iLe wftll, so thru thir could bv built up direvtly of Foundation* 
■gainn it, tburvby Kitrin'^ iLcai all tlie trouble of Wbii*. 
selacliDg jiUincs For tliis ^idf, so ns to Lave it smoodi ; plumbing it, to 
pet h cerlical ; and pointing ir, ot as to liave it imperrioua. It is 
true tliat tills Is the t'omnion metliod of cheap builderii, but it is not, 
Mu] sliuiild Dot ix;, countunanct^d in work of any importance, even 
in ilwelling-liousus, i'm.i,'pt of the lightest and chea[>cat kind. 

A wall built in Ibta way (Fig. 29) is neiUier safe nor satisfac- 
fwy. Tho Joints at ibe back, bein^ concealed, are usually devoid of 
mortar, or if any ia put in, it falls out a^n, '}■■. 
to llnit 4 gradual compression of the outer 
jNViion Is liable (o take place, as the weight 
of tlic 9up«r»trnctur« increases, bulging the 
inner face of tho wall toward thu cellar, and 
Uie unlilltMl cftTiiiea next ibe bnnk collect the 
wai«r whieli trickles down by ilicm, and con- i 
duct li Into the heart of the masonry, wliilo 
lIiQ projeciitig points of the larger Bi«ncs 
fanbcd iliemaclvcs in tile oartli, »u iliat wbcn 
tbU (imrtvji and oxpsnils, the wall is often 
ntled u if by a number itt short levers, di»- 
Incalin" the joint* ami making chnnnd" for *"' "*' 

mointuro tlinmgb ihcm, It is aetiinlly miicli more imFiortant to 
bavc the outside of a ecUar wall tiniooth than the inside. If ihe 
Mimes are wiecivl so as lu allow a good face <m tlic onler siirfaee, 
ibo Joints wi'II IllU'd will) cement mortar, «nd puinlcd with due 
cni-e ai the work pmcM'd!i, holding the trowel ueud fnr jwintinj; 
ohfijuti'/, n> us to " wi-iilher " the joint, ni the workmen my 
(Kijf.30], any ninislure which runs out from ilie l>ank, or defends 
frcnn above, anil llows duwn over the outer fnee of the wall, will, when 
It nieeli a j<iiut, drip off, fnlling on the inelined ■iirfnoo of cement, 
by whi'h It wlU be condiieled safely over tho edge of tho next uttmu 
to run down and ilrip olT a^nin, until it reaches the botloni. where it 
{nt»a* off in tlio drain, without having buon nble anywhere to pen*- 
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trst£ into the masonry. This essencUl poiDt in cooBtniction is one 
of tUc Lardc»t to enforce. It is so liabitual wiUi ordinary workmen to 
neglect tbe portions whidi will be concealed, and «spend thuir bIuU 
on the visible inner surface, Uiat 
some explanations given to indi- 
vidual men will >ie necessary, es- 
pecially of the proper method of 
pointing, besides a good deal of 
watcliing, to see that the directions 
are followed. 

Having given the requisite orders 
for taking down the objectionable 
masonrj-, excavating the ledge 
properly, and rebuilding in the 
manntT described, wc will pursue 
our tour around tlie building. Close 
by we come to the pits jircparcd for 
Fie. 30. tlio concrete piers which are to ex- 

tcnii the foundiiiioii of the west wall ilown to the rock. The Bides of 
tlic dccjKst huk'3 arc eustaiiicd by a shuring of planks and beam<i, 
and the contractor is awaiting orilcrs to put in tho concrete. We 
cxouiinu the pits to make sure that llio Ic<lgc is exposed at the bot- 
tom, nn<l clear of dily, which would prevent the cunerelu from 
attui'hing itself to the rock. Tiie deepest excavation, wo find, liaa 
struck a spring, which runs eu|iious1y over the surface of the ledge 
at the bottom, and the contractor siiys, willi rca.-ioii, that ilie cement 
will be washed out of his concrete as fast as he piit.s it in. There is 
a remedy for that ; but before iH'^Jnninir the conixeting we must test 
the quality of the materials. Aleanwhile, wo M'nd a boy to fetch a 
dozen yardf of oiluil cotton doth. 

In accordance willi our j)revious directions, the contractor has 

screened the gravel which he |>ni|>uses to use, and 

ftfaklni? *''** '•'""■ i""""^ " heaped up on one wde of a large ' 

plank mortar-bed, while the coarser jjcbhlca are |iiled 

on the oilier. The fme gravel, or rather sand, when rublH'd in the 

hand gives a dry, crackling lound, aud is prickly to the skiu. We 

wet some of it, and grasp a quantity. On opening the hand it will 

not retain its shape, but falls down loosely, and docs not toil the 




it thereFore sharp and clcaa, Euiublu to be uwi] (or mortar 
r coDcrete ititliuul, wasliing. If it bLoiiM happen that Lhe tituul is 
It majr sdll be used, if sharp and dean, but 
tbc propoTtioQ of fine sand hy measure to a given 
ijiiantliy of CGUiont should bo Iom tlian tliiU of coarse. anJ the coftrser 
' 'kinds are much to he preferred. The rounded pebbles screened out 
I of the grarel ara free from earth or clay, but lome dust clings to 
them, which would prevent the perfect adherence of llto cement to 
' tLfir surface, and we direct them to lie thoroughly wuhed by ibrow- 
I ing buckets of wuIlt over them. 

Some oflicioua indiridual has added to tlie heap a quantity of the 
I angular fragment* of dlsint^ntted rock from the tower foundation, 
"but ibese, although excellent in shape, we find to be somewhat coated 
with the clay which has been washed into the roek seams, and there- 
fore unfit for concrete unless washed clean. This would be a long 
proceu, since any admixture of clay clings rerr persistently to sand 
or stone, and is very injurious nnlesa entirely removed, eo, as we 
hmvo nn ample supply of cleaner material at Iiond, we order oil the 
clayey [mgmimts to be token away. 

The vmoent h next to be po^setl ujion. Of thin we (ind ruaily for 
tu It Iht^ miubur of barrebi, bearing a great vurioly of brand', and 
I giatlMreil from the stocks of all the local dealers wiihln reach. Among 
« casks from tlie Xuwark Lime and Cement Company, F. O. 
KKotton & Co., Connolly & Sliafer, tlie James Cement Cotnpany, bu- 
st a lew barrulfi with other marks. The roa*on is in a hurry to 
kdl Uim to use at onue any of the F. O. Norton or the 
ent that has not bwu damaged. The first cask of these 
li b opened contains a crust of hardened cement three or four 
I incbc* thick, but the enclosed portion remains in its normal state of 
fino pnmlcr. Wc order the crust to be rejected, but allow tlie inner 
[ portkn to be used. Tho other barrels seem aninjurt,>d. ^leanwhilu, 
1 eye now and then on the mortar mixera to see that tliey 
I pat ouiitdenciously one ibovelful of cement U> two of «and, and 
I'thorou^ily mix the dry sand and cement Wore adding wnler, wo 
praeoed tu it-si roughly all the brands wf cement bufore ua with which 
«e are not familiar. 
UaJoaf hare variotu ways by which they profos tn form an 
ftspplttion of tho goodness of cement. Some dip their hands or anas 
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into the barrel, and if the powder feels warm they proooance it 
good ; others taste it, and if it bites the tongue they call it suitable 
T«etiiiK ^^^ "^' ^^^ strength of the cement being supposed to 
Cement, be proportional to the intensity of the bite ; and tliejre 
is another common belief that the dark colored Rosendale cement is 
stronger than the light. It is needless to say that all these tests arc 
simply worthless ; in fact, they are principally employed to impose 
upon modest young architects^ who can sometimes be deceived by 
such mysterious performances, the result of which is sure to be in 
accordance with the interests of the party applying tlie tests. 

Let us cast aside these divinations, and taking a handful of cement 
from an average barrel of each of the brands, mix it with water into 
a cake, put it in the sun, or in any dry place, for half an hour or 
more, till it accjuires such a consistency as to be barely indented by 
the pressure of die end of a match or a stick of equal size, cut 
s(}uarc, and weighted by resting a brick upon it. Place the cakes in 
some regular order, so that the different varieties of cement of which 
they are made can be distinguished, and as fast as Uiey reach the 
rc(|uisite hardness, put them into a tub of water, till all are immersed. 
Note the time required for each one to reach its first " set " in the 
air. Finally, make a second series of cakes, and leave them exposed 
to the air, without immersion. 

Bv this time a batch of concrete is mixed ; the sand and cement 
have been thoroughly mingled until no lumps of cement or sandy 
streaks can be discovered in the heap, water is then added, not in too 
great quantity, but enough to give a pudding-like consistency to the 
mass, and the whole is well stirred and shovelled over again ; then the 
stones, which have been well wet before putting them into the mor- 
tar, are added, and all mixed quickly, but thoroughly. If well mixed, 
the bulk of pebbles may be double tliat of the mortar. The object 
of wetting the stones before adding them is to wash off the light dust 
which very rapidly settles on them, and prevents the adherence of 
the cement. The moisture of the mortar would wash the stones clean 
by long stirring, but time is of importance, and it is best and easiest 
to dash on a few buckets of water at first. 

We begin with the deepest pier of concrete, — the one which has 
to be laid in a stream of running water. Taking the oiled cotton, 
which has by this time been brought, we fashion it into a large. 
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> ba^ niinrtj- itater-ligbt, which is lakeo down i 
li witli ciiDcreto. The water rises wound I 
:n overflow tlie niiis», and after pui^king the co 
•uliilly ilown into its place by mcnas of a w(xHlt;n ohIm "'waur. 
a luuvo this. Mil] proceed to put a hyer 
a cMb ot (lie other excavations, itirowing it in from tho top, eo M 
he mas* b_v llie momentum of tlio fall, as it is not eiiay to 
loU it with wootloa ramaicrx. After ilividing the malcrlnl already 
g nil llie piers, (hi! eoncruting should be «tojt[ied for the 
'. lutd ilic men put on oilier worlc, as we are more likely to obtain 
aw by putlinj; it in the pits in twelve-incli layers on »iic- 
a days tlian by filling in the whole body at onec. Tho halt^p 
^vored with boards to prevent miti from wa;Ling in eand 
p of (]io layers already depoiuted. 

« next day, oftei- our regular preliminary lonr, first outsiile and 
1 iniidu the buililing, we cxamioe the samples of cemeot whiuh 
■ mule up Uio day before and laid aside. The i>pe(-iii>en iif tho 
k Lune nod Cement Company's cement left twenty-four hoiu'i 
air is found (o be i|uil« hard, and breaking the cake with a 
1 potling strain, mticb as if it were a sliek of cundy, we find 
a very noDBiblu Icnaile strongtli, and llie two bulvos nep- 
wllk a clean fractui-e iuslead of i-ruiubtlng, Tlie cake of iUq 
hI left in water rciaias its shape, and lias increased eoa- 
it Armneis. The cement may tlierefore be pronounced 
luual wltl) tUat brand. 
e F> 0> Norton Bamples, both in water ami in air, »bow similar 
tUliet In at least an equal dcgnw ; and all the barrels of tlii« 
il which on JMlng opened show no iiijjD* ot caking uru aceepiud, 

Bam|)|p in air from tlie barrel* marked "James Cement Co." 
quite hard. Iiardcr than either of ilie two ptvccdin;;, and a 

1 bluiah uIIloruK-ence, like moald, has already begun lo appear 
\» tttriaee, but tlte apecinwn left under water has crunibhMl Into a 

la Connolly & Shafcr manufacluro, tho portion left in thu air 

li lt> •liap«% hut haa not ai^i|uire4l much counliitvney : it eruibea 

• flagOT* like elay. The «amplu in water is nothin<; hut mud. 

It doei not necc^uvily follow, because this Inst variety sets elgwly, 

ittt it b •iwatlBllj- bad, bnt it will bo umnfc to use In our couente. 
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and incoDTCnient in the inasoDry, so th&t unless b second flani|ile 
sbould show much better qualities, ne will discard all the barrels of 
that branil. 

The Jatncs cement, which «eCa quicklr and hard in air, bat nuder 
water breaks up and crumbles, should bo rejected for the concreia, 
but ma)' bo used tor tlio masonry If the rapidity of its setting 
should interfere with its convenient use, as will xery likely be the 
case, especially in hot weather, it ehould be mixed with a small poi^ 
tion of lime. 

If none but James cement Ehould be obtainable, or other brands 
having similar cliaraeCeristics. let the superintendent try whether a 
fiamplc oF it mixed with half its bulk of slaked lime and made 
into a bnll will ;<et hard under water; if 90, it may be safely used in 
that wny, oven for concrele. 

Some of the <iuickesl-sclling Rosendale cements, when immersed in 
water without having previously acquired a certain degree of hardness 
in the air, will set rapidly, and immediately crumble again, and never 
flcijulru any f ubsc<]uent consistency. With such it h often found that 
ihe addition of a email quantity of lime will confer upon it the (jnall- 
tics of the better cements, causing it to set perfectly uniler water, and 
improving it fur use in air by retanling the setting slightly. With 
the very sliiw-i^ettin^ cements little can be done unless there is time 
to wait for (hem. They may do tor adding to lime raorfar in stone- 
work above ground, wlierc it is desirable to harden the mortar, but 
for foundation!!, on which the weight is to be rapidly added, or in 
work under water, it is best to avoid the use of any cement whose 
setting is found to be uncertain or long delayed. 

It is unnecessary to say that these tests are by no means such as 
would be used for engineering work of inipurtance, but they will do 
well enough for rough del ermi nations, and an ample margin of 
strength is, or should be, always left in the Bnialler operations of con- 
struction. Mure accurate methods of judging will be described in 
treating of city buildings. 

In the course of our preliminary tour around the works we noticed 
with surpriM! that one of the concrete piers was already finished, and 
the top nicely smoothed over, and having completed the tests of the 
cement, wo return to inquire into the matter, taking llio foreman 
with us. We examine the ground closely, and notice some itray 
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L jwbbles ilroppoii aroiiiid the edgeof thi; lic-lc, anU some such dinlojiie 
»kc9 jilnce ns tlic folloving : — 
Sujierinlendenl : — " Mr. Foreman, how did j'ou get this pier done 
|«>Woa?" 

irtKoni — "Well, sir, wo hurried a little on this pier, hiccause 
\Ma wantAil ii to gic wt before it rained, and " — 

Supmatendrat : — I left word to put iu only tnrlvt inche.s of con- 
I ^cwto at a timu In i-ndi pier." 

inmait:^"0 Uw, sir. thnt aint no way to build a pier. Tliero 
no ont! I'an toll nic* noihin* about euaervte. That's aa nice a job 
I -of concrete aa ever " — 

Sfqitrinttudenl (remeinlwriMg ihc scattered pebbles); — "You 
I dliln'l put ihe stones in dry and then grout them, did you ? " 

Fortmaa (slightly taken nbaclc) ; — "Well, sir, perliapn, — ycf, 
I. we did: ymi see, that is the best way to do when.- you liare such 
l>COftr*e «antl, and llien " — 

Supmnicitdtitt: — " Oct some one hero and lake that oil out. It 
I fs Impassible lo tell now how much ci'munt there is in it, but it has 
I- not begun to set, eo if you will take it back to the pen and add a 
I shovieKul of reuient to every two «hovclfuls of this, and mix it well, I 
1 win lul it pBKS lu put into [vU the piers twelve Inches thick." 

Fwanan (deferentially) ; — " Tcs, fir, anything you say. sir." 
I^IrsuiDg our my after this little epbode wc. eome to a sijuad of 
men laying footing-slonci for the clerestory wall on the gravelly bol- 
Mn. These must bo carefully looked aft«r, for the 
iniight of ibo clerestory wall being concootralcd on "fU^'onSST 
r the jdert of the arctulo will try the strength of the 
^ ioullUMlun T«ry seriously. The drnwings show a continuons (uun- 
I datlulHirall, but no inverteil arches. It being imjiossihle to ff>l the 
SMiry abutment fin* lliL-se without considerflblu additional e\- 
I iwnse, and it is thurefuro uecosnary llial the masonry of the foundo- 
l lion sboulil Ik wuII bunded together lonjjitudinally, so as to receive 
r tho {inMsurv as a solid mafs ; otherwise the settlement will bo greater 
\ under tlie piers, and the work will bo ilangorously dislocated. 

Mott of ihe footin^lonea on thn tfroiinil ore goo<l tiat pieces, but 
Ebere ud ihero arc some mlssbnpcn lumps, and one of llicee, just as 
\ we come up. is suspended to the derrick boom, rcoily to lower into 
■ iU^KM. The men have tried (uithfully to hollow out a biuiln in 
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Uie gravelly bottom of the trench to fit the irregularities of the stone, 
but when this is lowered into its place, it rocks unsteadily. It is 
raised again, and the bed remodelled. This time the stone fits better, 
but is still unsteady. The men are disftcussing whether to let it go 
as it is, or try again, w^hen the sui>erintendent comes up, and step- 
ping upon the stone rocks it until he is satisfied that there are no 
large cavities beneath. Sending for buckets of water, he directs 
t Hne gravel to be heaped around the stone, picking out 

Water.^ * ^^ pebbles and lumps, and the water to be then thrown 
on, pailful after pailful, or, still better, a stream from 
a hose to be directed upon the mass. The water settles away through 
the sand, searching out all cavities into which it can fiow, and car- 
rying particles with it wherever it goes, which gradually compact 
themselves in the hollows under the stone until it can no longer, be 
moved. This puddling process is continued a little longer, to make 
sure that a full and perfect bed is formed under the stone, and di- 
rections arc given to do tlie same with all the levellers which have 
uneven beds. 

Where the bottom of the trench is clay or rock, a thick layer of 
cement mortar should be spread to bed the footing-stones in, for the 
purpose of filling up all cavities between the substratum and the 
stone, but in gravelly soil the puddling with water is often much bet- 
ter than the bed of cement, esi>ocially with stones of very irregular 
shape. This expedient for filling in cavities under and around ma- 
sonry is capable of still more extended use. The writer once knew 
a case where a church tower had been nearly com|)leted upon a 
foundation badly built and with joints only half-filled with mortar. 
The tower began to settle, and the contractor for the superstructure, 
a man distinguished for his boldness and ingenuity in emergencies, 
sent for the town fire-engine and a quantity of fine sand, and putting 
the sand into the tower cellar, kept the engine playing upon it for 
half a dav. The floods of water found their wav out throucrh every 
crevice, and wherever the water went the santl followed, until all the 
cavities were packed full. It was heroic treatment, certainly, but 
effectual ; the settlement ceased, and the tower stands perfect to this 
dav. 

Let us look at the stone delivered on the ground for foundation- 
walls. It is of various kinds, some pieces being slaty, some tough^ 
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h roubileil aurtacea, like fri^menta of boulders, at they probftlil)' 
Matt}' blocks of ihe greenstoiie from the loner cxvavsliun 
e to be MCn, ami these should be exammed nith sus- 
Icion, for fciir of almost Invif ible traeta. wliich will lut '"^tg'^"" 
e witler »(iuk nlowly throngb, besiilea unfitliiig tho 

■Mist n ptrnin. To test tbeni, tbey xhoiild be struck with a 

If ther i-ing dearly, thej*are yooj; a eeaui, even if invi*- 

I, will betray itiwlt by the dull sound vUicll follows tliv blow. Tlii.- 

MitdM' stones ore usually ^ood. if nnt too much rouniied. Ono siilc, nt 

t, dutald bu quite flat, to form the bed. SIntu stonea vai-y in tlif- 

rcnt localities. In gome places they are of tmincnsQ strcngtli if 

d flat in the wall, aad form admirable material ; in others, cspe- 

ptialty in eastern Jln'ssocliDtiett?, the tendency tu ujeavage in thu accond- 

■ry plane)', acrotis the l^iuiiiiK, is «n decided that the atones, allhuugh ap- 

Hirently sound and strong, will break across afti^r being placed in the 

all, OSiDOn as the weightof ihcsuperstracture eutncii upon tliem. This 

It uinoying defect, as the stones cannot then betaken out, and 

>e[Mirt> often separate a quarter of on inch or more, makiu;; a stiini 

which it is dlfficidt to close by pointing. The only way, when a ten- 

■ notireil in the stone to break up into frngmenta of regular 

■arystallino form, Is to nvuld using it in long tint pioeen, for lintels, 

■jnea or templates, ur in any other poniiion where it will bu 

bjeeied to a cross strain. The softer lime unil «nnd stones, when 

d tor foundaliuns, are much less liable to such defects, but being 

mowhal absurlK-nt, special pains must be taken to isolate ihem Eram 

e banki of the excavation by a backing of sand or gravel, and to 

nvhl* for thoroughly inlorcepting and draining off the moisture 

JWUch night cone in contact with them. 

Aa tnipcction shoidd now bo made of the lime, and opportunity 
I'jdioidd lie taken to iniiuiri! into and criticise ilic methods that the 
man proposes to employ in mixing the mortar for 
« npper portion of the niristinry. The barrels have, 
B find, been piled on a slightly elevated sjKit, tho ground descend- 
g U) all illreeiions, so lliat water may not during heavy rains run 
t agaliut tliem. Boards have been placed undcnicntli. to keep 
Inm from the ilampnoss of tlie ground, and a cuvcring of buanls 
i on top, to shelter them from storms. This would not 
( nil&cicnt protection in ordinary cases, but the coDtraclor tells us 
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that' he intends to build up the foundations of the chancel at once, 
and lay the floor over them, which will give him a dry place for stor- 
ing materials, and we ac(|uiesce in this arrangement. Two or three 
of the casks in the pile have burst open, and looking in we see some 
of the lumps in them crumbled down into soft powder, while others 
are hard, but remain inert when dipped in water. These are dam- 
aged casks, and must be rejected as worthless, however good the 
original quality of the lime may have been. A large part of the bar- 
rels are marked " ground lime," and contain a dingy-colored lime in 
powder. This, if not damaged, will make good mortar, although it 
slakes quietly, and if not pulverized will not slake at alL The mor 
tar of common ground lime is slightly hydraulic, and will harden 
under water. In general, the hydraulic limes, which will harden 
under water, or in damp situations, without admixture of cement, 
slake quietly, and need to be ground after burning, while the fat 
limes, such as are used for plastering, slake energetically, and are 
better kept in lumps, so that they may not be slaked by the moisture 
of the air, while the mortar made from them hardens slowly in the 
air, and under water, or in damp soils, never, unless cement is added 
to the mixture, which is usually done where they are used for masonry. 

There is one singular exception to this rule among the American 
limes, of which we shall perhaps find some examples in our miscella- 
neous heap of barrels. Let us open that old flour-barrel, without 
mark of anv kind. We discover it to be filled with a black sub- 
stance, in lumps resembling cinders. This black lime is made from 
a beautiful pink marble, and slakes fiercely in water, making a dark- 
colored mortar, which sets like a strong cement. Two or three other 
casks, containing white lime, are destitute of brands, and their con- 
tents should be tested by putting a few lumps from each into water. 
The lime from one slakes quickly, but only superficially, leaving a 
hard core. It is therefore underburnt, and must be rejected and 
sent off the ground. The lumps of core, if allowed to get into tlie 
mortar, would be liable to swell afterwards and crack the joints or 
throw off the pointing. Another barrel contains overbumt lime, 
which remains inactive for a long time in the water, even when pow- 
dered, at last slaking slowly. This must also be discarded; it is less 
valuable than so much sand. 

The other barrels are stencilled " Rockland," " Rockport," " Ca- 
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I," •- Gltns I'hHb," ■■ Thamoiton," or other well-known Iiruiil*, anil 

il (lumB^t'd liy wntcr ut by gradual air-slaking, are probably all 

good enuagli (nr luiiklui; slone mortar with an admixture a( eeoieat. 

In mixing ilie morlnr tlic forummi tJiould be persnwlud, if [tossible, 

_to put (in nil tlic naltr for a butch of liine at onve, inntcul of by succcb- 

e Ixiekutr, with iutervols at stirring between, tlieru- 

ji- ckllltng lite lime n» fast m it begins to heat. Bvea 

■IIlDg the {M>n with a boic is too lou-,' a process for seuuriu|j tliB best 

eiutts; wllli very active lime the most aueccgafal mode is to pour it 

I* fram a large cask. The proper (juanlity of water is one- 

lad-n'balf barrel to urcIi barrel uf averngu lump lime, and tUlii 

Biuuld be menKured as occtiralely as possible. If too niucli is added, 

-tor will be tliin ; if too little, it will be thick and bvL'ome di(- 

j work as tliu slaking proceeds, to that tbe mixer will odd 

e water to the mns», tlicn^by chilling it and putting a slop tu ihe 

iking process, unil a granular, lumpy mortar will be the resiult. 

I Much of the labor of stirring would bo saved, and tbe _ipialiTy of 

\r improved, by covering the pen, as soon as ihc lime lumps 

e been evenly tpreml over Uio bottimi and tha ruiuisite proportion 

I water added, with a canvas or tarpaulin, and leaving it to itself for 

klf sn liour or so, during which lime the contined steam and hetil. 

I the action of ihe waUr, will reduce tbe whole to a smooth, 

Slforo paste. 

J On no account sbotild tlio lime be slaked on the bare ground or in 

klioUow miulu by un embankment of sand. Such practices, thou^rh 

y •Lill linger in eoimtry districts, have long liccn obiioleie in nil 

» where good workmanship is held in honor. A wuler-iight pen 

>, about (our feet by eeven, must be mad«, with plank butlom, 

i •tdus about ti^u inches high. This will give room for truatii^ one 

kof lime at a time. 

T the Itiuo is linked and all the lumps n^luceil to smooth paste, 
nd as long as posFiblu before mixing with the sand, whlcli 
^, If tlm limo is good, he added in the proportion of two jiarls of 
« of tlie limu paste, or live to one of dry limo, 
I n common error thai rument wilt toko inoro sand than 
This nrLies from llie fact that In mining cement it is generally 
t, unlc-'i great slren^tli is roijuire^l, tu add nnd to the dry 
t }(Owdvr in the proporlioB of ibree tu one, or, as the mixture 
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is usually effected, one shovelful of cement to three of sand, whereas 
for lime mortar the rule of two parts by measure of sand to one of 
lime p(iste cannot be exceeded without injury ; but as the crude lime 
swells in flaking to about two and a half times its ori^zinal bulk, a 
quantity of sand equal to double the amount of hydrated paste would 
represent five times the bulk of the original lime lumps. If the cem- 
ent were mixed witli water before adding the sand, which would be 
impossible, on account of its rapid setting, the result would be the 
same, since the cement expands very slightly, if at all, in slaking. 

Our specifications require that the mortar for foundations should 
be made with " one-half cement." Let the contractor and his men 
understand that this means one cask of cement to each cask of lime ; 
not one-half a barrel of cement to one of lime, as some masons pre- 
tend to interpret it. 

The lime mortar alone will stand for weeks unchanged, but the 
addition of cement causes it to set in a few hours ; it should there- 
fore be mixed only as re(iuired for immediate use. Some judgment 
and observation will be needed to make sure that the cement is added 
in the proper projwrtion, unless it is mixed with the sand previous to 
adding this to the lime, which is not practicable unless it can be used 
immediately, since the cement would slake by absorption of moisture 
from the air on standing. The mixture should be thoroughly made, 
which will be shown by the uniform color of the mortar and the ab- 
sence of streaks or spots. 

Specifications are sometimes so loosely drawn as to omit all men- 
tion of the mortar. In such cases the character of the mixture and 
the proportion of materials will depend greatly upon local custom, 
but the practice of mixing the lime for mortar of foundation-walls 
with at least one-half its bulk of hydraulic cement is so universal and 
so necessary, where ground lime or some otlier variety having hy- 
draulic properties cannot be procured, that it should be required in 
all cases where mortar is used below the ground surface. In wet or 
springy soils, or for heavy buildings, the dose of cement should be 
equal to that of lime. 

As for the quality of materials, neither law nor custom presume 
anv but the best to be intended where nothing is said to the contrarv 
in the specifications. Under no jiretext can damaged or inferior lime 
or cement, or loamy sand, be imposed by a builder upon his employer. 
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Before liis next \U\U let ibe oupcrioienJent provide bimgelf iriili 
a liglit Mcrl roil ; Mtxl wire Uirt.i>cixWi;ntli9 or one-fourth of an inch 
in di&OK^ter ran bo ubtoint-t] nt ibe Imnlware stores in pieces about 
Rte tv»i li)n<;, wbii^li answer very -well. Let bim iliviJa bis inspec- 
tiaa H before : Brst a lutir around tbc walls outside, then inside ; next 
■ survey of ibo iniiliTiivlB inside Uio exeavation, and lasily of tliosu 
oatride. 'I'bc uoiicrete piers are found to be nearly done. They 
flioutd b« ronipleicil iind It^ft for a week, or two to harden. TIte 
ftyHings are nearly all in, tbe masonry under the north an<l south ex- 
terior, or aiilc w>lii. Is three or four feet dbove the ccllar-bottoin, anil 
tbe cltTflsiory foundation suveml eoiirses high. Tbe tower founda- 
tion it aim started, and tbu drainage-well and treiii^b in that plac4 
ready. We noiiec duel on tliu surfuee of thi> concrete, wbieb oihcr- 
wIm appears wdt mixed, and is about as hard, and of mucb (be same 
eottritluncy. u ordinary awevt ehoeolate. By bn^aking ofl a piece 
and rubbing it on the hand, a rough judgment can bo formed of its 
composition. If iteontabisioomncb saml, itwill lock eoiierenee. and 
nuble ttway. We dlrci^t ibnl die dust shall bo waitbeil eli^iin off 
tbe surface nf the piers before the next layer of concrete is added; 
otberwhu thi- tiro layers will not adhere. 

Oilt*Wl« the aisle walls (lie gravel has been filled in as fnst as they 
WHV bailt u[b 'Uiia Is customary and proper, but wu will have a 
boh iltig to satisfy onrselvea that tlie outside of the w.ill bus been 
pourted aa woilirectcd. H nut, wu order ibu whole to be dug out, 
the wall tlioruugfaly wet, and thu pointing done in a proper manner. 
I( all t» satisfactory, wo will remind the workmen to imildle the 
gravvl filling as fu»l as it i» put in, by tbrowing on wMcr. If water 

, h dllBenlt to get. tliu gravel may bit packed willi wooden rninmers. 

I Tn a claj-cy »oi1, the Ailing next tlie onudile of the wall should not be 
nf the cxcavaiuil inalorial, but gravel or cinders should be obtained, 
at k-ttsi for the lower part. 

As wo p;iiM around ibo building, we take care to look nt ihe line* 
from wlilcU the walls arr Wing built. They will probably be shown 

I Ity cordN stretihi'd ixitween tho battvr-bonrds, fnim which |iliiinb'lines 
hanging at Ini'-rvnU ktw to transmit the reiinirud points to ibe cel- 
lsr4>ottoiii wluirc tlio men an at work ; and the batter-btwnls slwuld 
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be examined to see that Ibc coinla arc attaclicd at tbe proper notcbes ; 
if tUesu arc correct, we must observe vrbetlier tlie luaMinry is being 
lud cxaclly to tbe lines so given. Kothing is easier tliao 1o make 
mistakes in tbcsc respects at tliv outset, wkicli will be very difficult 
to remedy allcrwards. It may often be observeil tbat a few courses 
ill a wall have liccn buill incorrectly, and tbe line baviug been soon 
afterward rectified, tbe masonry ta built out,overhangingtlicse courses 
citbcr on ooe side or the otlier, so as to recover their [iropcr position. 
Any such work sliould be imoiediately taken down, and rebuilt cor- 
rectly from tlie bottom. A want of firmness and decision in this re- 
spect on the part of the Miperintendent will be the source of much 
greater troubles afterwards. 

So far as we observe, tbe workmanship of tbo wall is tolerably 
good; the horizontal joints are well broken, giving a good lunj|;iCudi- 
nal bond, and tbe cru^s bond is maintained by a sulTi- 
cient proportion of stones extending through llie whole 
tliickncsB of the wall. (Fig. 31.) If any portions bad come to our 
notice where vertical joints came one 
above tbe otlier (fig. 32) through 
three or four successive courses, wo 
tboiild at once have ordered them 
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torn down and rebuilt, btit none appear. It will, liowever, be well 
to watch tbe men from time to time, and observe tlicir manner of 
working. The acijuaintanec with their individual characters thug 
formed will s.ive niueli time fubscqiientlv. by showing lis in what 
quarti'rs to Icwk most sharply for enreleas indiflercnce lu order*, in- 
tentional sbirKiug, and wcU-mcaniii-^ ignorance, as well as where to 
expect intelligence, faithfulness and skill. 

As we pass along by the ai-le wall we notice a mason at a little dis- 
tance haranguing his companions on some subject about which bo 
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■eeme lo liave a. flow of wotJb, if not of ideas. Seciii.; us coming, 
Im luutily shovels up n Irowtlful of gravel and sUrno chips frum lie- 
ikle biin, aad dirovrs tlitia dry into B cavilj- in the slonv-woric bcfort! 
liiitii then ilashvB a (^iLunllly of morlar on tho lop, aDiI Einooths iC 
ov«r- Ti> all ftpiioarunc<.'i Lis part at the wall u done jiijt like Ids 
neiglibun* wurk, but Our tuqiicions Lave bei-n aroiiwd, and we ap- 
proach and tlinirt ihu steel rod down into the fresh masunry. The 
xupple wire inainualcs itself among the stones far down iulo the wall, 
mceling now and ihi-n with the slight resistance due to cbe soft mor- 
tar, but pt'Dutnuing many void ipaccs of considcrnhlu size, which' 
uri: iii»lnnlly dctu^tcd hy the (I'oling. Onu or two other trials give 
tbe saino rcBult. and aa masonry to laid is liable to eetllo under tlia 
wdglit of tho walls above, bcaidi^a bcin^ permenhle to watur, we 
onlar the mm in take down bis work and rebuilil it with joints 
properly filled, lie grumbles, but begins witli a very poor grace to 
remove the *tones, wliile wo remain near to see thnt our direction i« 
•trlolly complii'd willi, testing meanwhile ibe waiting laid hy the 
other men, whieh proves reasonably satisfactory. Il ia too nmcb to 
expwt that all tbu voids will be comptolely lillvd, hut the Eteel rod 
will i{uiekly Miuw the difTcrence bclwren gtiotl and bad work. Every 
nuui wbcvo workniansliip ia once found to be carelessly or intvn- 
llonally dcfcclivG sboulil he noted, and (he portion of wall on whk'b 
Mcb I* engaged should be conliniially ti-sted. 

Thcru am other ciunlitiua in rough masonry besides a large propor- 
tion of mortar which are essential lo its good quality, and about 
many of thcw aUollio slecl wan<l will inform us. 

Tbu lunal {iroelicv of niasons in rough walling is, after scllinstliB 
larger Mcnes, to (ill tlie intcmticcs with "chips" or even [lebhles, 
more m le^s earefnlly Hllcd, put in drj-; then to da<h in inorlari 
Iroitlng Hint it will work its way inU) the crcvicei. It does m> to a 
grnH extmt, especially if tlic wall is grouted ocuaslonally with thin 
nortar, but the diaboncst or indifferent men shirk the troubto of (i tting; 
in tbn smaller ilonus one by one, and content themselves with ibrow- 
bg in a lump or two of any Blmiie, and then a ijuanlity of small 
chips, which eaulilri the crevices and hang long enough lo allow n 
latr bed of inm-tur to be rprcai) over them, hiding tlie einply cavities 
bduw, Thi" Hurt of work U Iraninllalnly delected by Ibo sieel rod, 
; whkk omu Iw fvU lo idiake and ilialodgo the loose pitsccs. The Tery 
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best workmen avoid either o( these methodg, and place no Etonc, 
even the sinallest chip, except in n bed of mortar prepared to receive 
it, I'libbing it ivull in, and settling it with blows of tlie trowel or liam- 
nier, again driving Bnialier fragments into tlie mortar whit'li iF 
djiit'ezeil lip around It, lo that nowhere does stone meet intone witli- 
otit a cementing layer. The men wlio do work of this kind ^lioidil 
be I'emcmbcrud, and the others incited to iniiiate tlicnt an far as jmf- 

The following pointi should be constantly and carefully otK>eTved. 
In laying the larger Btooes, tlic workmen will of ihemMilves set llie 

smoothest face to- 




ils splitting; that lung Btreti;licrs running lengtliwi-ie of the 
arc sufficicnilynumcrous; and that nil nnjjles are lied by long 
IS laid alternately in either wall. (Fig. 33.) 
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Can- mini, U- Uken in builiiing up iliu wnil lu keep in niinU ilie 
pu«itn>n of tilt-* winrlow itnil Uoor o])t'ning» which urc to come nbove. 
TIh- IuihIbik!)' alir»)'!i is for iiiasonrj beluw n piiT lo setllu atvlvr the 
ir:iti«f«(iF weight, down to ihe very footings, tenring itself awnyfroiu 
■he lust L-oni|iretseil portion under ttic opening (Fig. 34), so tlint lonq; 
■toniEX dioutii bo built in, vxtundinj; frum tliu piirt imiliT lliu pier 
lu that uniler thi; ti]t«iitiig, Ui carry the weight out anil distribute 
it uniformly over tliu whole (uundMion. For llie tune rt'imon. if the 
■lUv u( opening* are built into ihti wall, inilead of being ''Alipped" 
Id ftfurwftrdu, tlu>y niurl tio pinned up only at the ends, a i-lKar space 
of lialf an invh iwing li^fi Imlween tiielr under sides and tint niaMinry 
below llicm, whieli shonld not lie paintvil up until the complclion of 
■lu building ; otberwifC tlu; wttU-mvnt of tbu piers will i;iirry down 
llii: emit al the sill more tlion tliu middle part, and it wilt Ih> brultcn. 

Tlio jiroper proiiorlion of headers variea iiccorilini; to eircum- 
ttiaiwf. but 111 an ordinary fuundntion one slono at loiit-~I in awry 

ice of five (est »i[uar« alioulil cxten<) lltrough iLu wtiulu thickness 
, af iha wall. 

An opening should bs left for drain-pipes to pass out, and for water 
■ltd no* pijies lo cnlur die Iniikling, covered witli Mtrong slonu Unlel?. 
Kuhlna cunirnciors nor tbulr men ever tliink of this, uiiiosa reminded 
by tLe sDpvrinlendi-nl, and in cunscijuence, when the liiiie comes 
lot' Iiying llu! pijies, ragged holes hare tu Ixi broken tliroitgli the 
Wttll, at i,hu luiralncnl rink of causing settlements. 

A Ttrj' important dement in lieiermining tlie character of the 
fotindalinn walling is llic height of the nmaonry above it. Not only 
win n lugh nnd heavy wnti compress a loamy or olbcr yielding ground 
beoeitlh it niorc llian an adjoining light itbII. but t)ie mortar juints in 
tW I1I5I1 wall, if laid ill lhi< same way us those of llie lighter wull, wilt 
tic iiiuvetod inio n, smaller compass by the greater wel|,'hi ; n very 
COluUorable inmpialitj' of wttlemenl resulting from llio coiublnvd 
mSnat of ihn two causes, wlih cnnsei|uenl ilislocklion of tlic niosoory. 

To iiluilratc tlds by the example lieforo us ; The lower at tlio south- 
west comer of the church, disregarding for the present (lie elrcum- 
•uncv that it will »tivnd on it rocic foundation, whilo tlw adjacent 
wnlli rest upon gntvvl and clay, it to be w liigh, unci tlic inasonrj 
IMT tho btttiuiu » lieavily weighted, in compariMtn with iliu light: 
ud low ai^o Wall which Hdjtriiis it on lliu soulh-va*), iliut If (be lower 
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portion of the two were to be built up together, in the same manner, 
with stones of the same size, in ordinary mortar, the com[)re8sion of 
the mortar in the tower under the increasing weight would be so 
much greater than in the aisle wall that by the time the spire was 
finished, of two stone?, one in the aisle wall and the other in that of 
the tower, originally set at the same level, the latter might be forced 
down two inches or more lower than the other ; a movement which 
would cause dislocation the whole height of the aisle wall. Many 
stone church-towers show this effect, which can, however, be avoided 
by proper care. There are three ways in which the difficulty may 
be met. One is to make the tower masonry of the largest stones, as 
high as the top of the aisle wall, making the aisle wall of small 
stones. In this way the number of joints in the high wall will be so 
much less than in the low one that although the compression of each 
will be greater, the aggregate settlement will be alx)ut the same. 
Another expedient is to make the mortar joints in the high wall thin, 
and those in the low adjoining wall thick. The third is to lay the 
high wall in cement, and the low one in mortar made mostly of lime; 
then the contraction of the cement joints Ijeing relatively nuich less 
than with lime mortar, the total settlement can be kept nearly e(jual 
in the two walls. 

The rationale of the last method dejH^nds upon the distinction, 
which should never be lost sight of, between the "settinij" action in 
lime and cement. Strictly speaking, jHire lime mortar <loes not *' set." 
The soft paste resulting from the slaking process if exjwsed to the 
air, or placed on a piece of blotting pajjer, or between dry and al>< 
8orl)ent bricks, will lose a little of the water used in mixinjr, leaving 
a firm, damp mass of hydrate of lime, which consists of pure lime 
holding in a loose chemical union about twice its bulk of water. This 
water still continues to evaporate slowly, and the paste to diminish in 
bulk, during a j)eriod of months, years, or even centuries, if the wall 
is very thick; and if the hydrated lime forms the cementing medium 
between the courses of a wall, the wall will settle as long as the evap- 
oration and shrinkage continue. The superposition of a heaw wei"^ht 
increases the settlement, i)artly by the forcing of the scmi-])lastic 
material out of the joints, and partly by the pressing out of the water 
of hydration more rapidly than it would i)ass off by natural evaj)ora- 
tion. This indefinite shrinkage of the lime is the principal, perhaps 
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tlifi iKilr maAin (or iW luirlilinii of innil U> nxirlar. Tlicr jiarlliJus ot 
Miiij t>eing iiicompresuhle, anil dividcil trom each oUiki' by lliln 
inj-er^ of Iioil-. Uic contractbn of thvaa layers exuru a compnvnlivcly 
Bm>ll influoncc on the tuUtt rani^, hi that > juint of hull an Inch in 
beigbt. in tnartar of litou imtl Kand, will usuallj' EutUu less than a iIk- 
tecntli uf wi inch; wUilu if uiadv of lime odIj-, k might «hrink ImU 
iuoi'lth. 

Wiih ctnni'Dt iho HCtion i" ((uito itiffurent. When mixed into |>a8tu 
with WBUir, » fe* niiniiic* only elapac hefore the suft pKeU< KUilUtnly 
irm contisttmcr, s» us to resist the impression of a iioinled 
This U the '■•ct," anJ forma n true chemicul ronclion, 
by which A portion of the water Ent«r> into cIogo oombination with 
tkiu ccmsut, from which it cumot aflcrwiird« bv scpnratvil excejit by 
bcBtiiig to rpdneiB, Willi iliu help of this ooiubinvil wtUer. tlii.' con- 
Hitncnts uf lliu oumeul t.-iilur upon a series uf ruoclioui liy which 
titer gradually form a hard atotio, little k-M in bulk than the original 
ccmcBt paiitt, and witli snuu: ccmonl* ovonetjual lo, ur grualvr than 
llio Toiiinic of paste. This chnratTtcrixlIc ijiinllly of ccniont givM it 
great value iu ccfutrolling ih« «(?ttl(!nic-nt wliJL-h forms an iuiportant 
uli-mi-nt in tlw con (idem lion of stone alructiires ; and )fy mixing 
ei-munt and lime in iliiluront proportions a nliiJo range of mnrtara 
can Ui obtaincil having nny desircil duality m to dluiiuuilun of bulk 
in liardening. 

Rolurning to our tower, for wliicli wo have to chooso among the 
tlinai muUioil) of keeping the innionry at tlie same level in its wails 
UJ Id the compurntiveiy low niiK- wall luljoiniug ; we rdlcct that to 
lay tliu lower walls in i-ement and the niljiiining wall in lime mortar 
would \i6 aulSeient, but the i-ontraxl in color between llm brown cem- 
ent juiuls and the white of ttie lime woiilil bu objectionable in the 
walls Above ground. The snnic would be the case, in a lo«l degree, 
)( we were I(> lay tlto lower wall with thin joint*, using ihiek jtrini* in 
the aisle wall. If we lesH:n the nnmlicr of joints iu the tower, in- 
«teiul of diminiahing thi'ir width, by building it of large stone*, the 
fame end will be attained, and tliu contrast of thi! massive niaaonry 
la tbd 000 with the tmall stones in the other will be rather pli|uaat 
and AtU-aictive tliaa otherwUe. 

But we mu>t not forget the diffieutties prescntcil by the grounr) be- 
acftiii Ou towtsr and the adjueni walls. The trenches show ikai 
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under ihc tower we can re»cli the rock everywhere," at least bV going 
down two or three fuct bi'Iow ibe general bottom of the trenches in 
one corner. All thia foundation will then stand on the solid ledge. 
To get a rock foundation for the aiele wall would, however, require 
Tcrj' deep digging, the ledge sloping rai>idly eastward ; and yet if 
one wall is built on rock and the other on compri-ssible ground, the 
latter will settle and tear itself away. The noil o^■e^lying the rock 
under the aisle wall, as shown by the trench, id gravel, vrhicli has the 
advantage of being practically as incompreMiblu as tlie ruck itself if 
Dot loaded beyond o certain point. In general, it will not vield per- 
ceptibly under a less load than Rve tuns to the super- 
,* licial foot, but to make sure, we will take three tonsas 
Ls a soil of so little depth over a ledge is less 
reliable than if it were deeper. A\'c will reckon up roughly the weights 
with which (he soil is to bo loaded. The foundation, allowing an ex- 
tra foot for the excess in width of the footings over tlic rest of the 
wall, is li feet high, 2 foot thick. The wail above is 20 feet high, 
20 tuches tliiek; total, 12 x 2 — 24 

20 X 1 3 _ 3.1 

— .1? cubic feet of masonry to each 
linear foot of the aisle wall, which at 130 pounds per cubic foot, an 
average weight tor such uaMiDry, will amount to 8,550 pound?. 

Of Ihc roof, which slopes at an angle of 40°, about two-thirds the 
weight will come on the aislu wall, the rest being borne by the clere- 
story wall. The roof, measured on the slope, is 15 feet wide, and 
the weight of rafters, boarding atiil slate, and piaster- 
Oalcuintlon of ing on the under aide, may be taken at 30 pounds 
Foundation. P^i* superficial foot. Adding the possible weight of 
wet snow and ice, 40 pounds per superficial foot, 
makes 70 pounds per square foot, which multiplied by the width, 15 
feel, gives 1.050 pounds to each linear foot of roof. Two-thirds of 
tlib, or TOO potinils, is to be added to the previous weight of the ma- 
sonry, 8,550 poimd?. 

One more hurilen must be calculated and added to the rest to find 
the whole luail which will necil to be sustiuned by the subsoil beneath 
the wall ; tlint is, the floor, which being level rests half on the aisle 
and half on the clerestory wall. The span is 10 feet, so that 5 square 
feet, weighing 30 pounds per foot, with i. pottiKt additional bad of 
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I ISO pouiiils will giVL' J >■ ISO •- 750 pounds inort,t 

J pratsiiru un llie fiMling.i, the whole amoiLnlin^ tii 

60^ 10,001) poiind>,i)r cxiu;lIv 6ve tone.OD each Uiit 

l1 tlie wait is [WQ feet lliick. ibe weight on each linear font ia diviileil 

ivptTjiclal feet, makiog two &□<! one-lialf tons on ench. We 

E incruoscU tlie cpreod of the fontings from the usuiil six inches 

: to twi^lve; tliis will diviilo the burden nt the jwintof 

MlkL't with tiiu earth over four B<]Uiiru feet inctvad of two, making 

1 pressure but one ttiiJ oneHjriarter Con> to the »u[)erlii'ial foot of 

laoiU Tliia is sufHcii^ntly far within llie limils of resistance to com- 

L predion to give assnranee that no settlement of the substratum is to 

I be feared. 

WahaTe then onlj* to direct that the largciit Btonei stiall be nelecled 

for tho tower and its foundKliuns.lhat vveiy vtuiiu shall bo liamtuer^d 

well down into lla bed, ng as to bring the vurfaees as nearly na jipesi- 

I Ue lolo eonliKl, und thnt nil IW croviees shall be lhuroii);hly filled 

■with stone rhips Anil morlor. The aisle wall adjoining is to be built 

Eof imaller sltmcs, and tlcL into tlie tower wall etaty few (twt in 

rii«i;;Iit with long stones as well as with iron anchors. 

In balding tho tower fmiting-stonca upon the rock, any litile riilges 
Cor projections on ttic eurfacc of ibo ledge must bv hammered off, so 
Ivn n moderately even lied, and small stones and mortar mn«t 
KIk built h]) to fit the irregulariliua of the under side of the fooiing- 
c. and finally, a thiek bml of mortar vpread ovvr nil, so that there 
I will bo no cavities under the stone. All tho licavy blocks should be 
E laid with a ilerrtck, so that they can be held luspendul 
[ l«-cr their jikcc wliile the bed is b.-ing prepanni, and ''Vtonlil""' 
I If UiDj arc very irregular, lowered into place and tlivn 
f raised asntn. *o that l)ie inlpr<^ssion made in the soft mortnr will show 
\ irlietlter iV- bed i« Claclly fitted. The practice of rolling the alonea 
■'Into their [ilaco witli crowbars must never be permitted in a heavy 
I wi^. T1i« bars tear up and dislocate the bed of small slones and 
I mortar to such an extent that it is impossible to be sure that Ibo stone 
1 d'ws nnt rot on the edges of two or three little chipii 
I which will maih and cause teriotu settlements when an ineritueU 
f load cornea ta be placed upon them. 

It will nut be so easy to make a neat outside and inside face to the 
foundulon-wall of largo blocks, but it should be done, uspeciatly on 
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the outeide, even i! some of the stones have to be dressed off It is 
dangerous in a heavy buQding to leave, aa is often done, tlie larger 
pieces in n. foundation- wall projecting outside, lo save tlm trouble of 
cutting away the excess of size. Not only will water get into tlie 
wall by running along the top of such a Etooe, but hard earili, or a 
pebble, may be wedged under the projecting end, so as to keep it up 
while the wall settles under the increasing load, causing a bad crack 
beneath it, and throwing the whole weight on the inner end of the 
Htone, which is likely either to give way altogether, or to break up 
the masonry about it. 

Our tour outside the walls being now completed, that inside may be 
short. We must see that the drain under the tower does not get ob- 
structed, and that a good opening, spanned by a strong stone, is left 
tor it lo pass beneath the wails. Workmen have not so high a respect 
for drain-pipes as architects, and will often cover up a choked or 
broken pipe, saying nothing about it, thinking that they will be out 
of the way before the trouble is discovrred, and careless of the very 
great expense which may be necessary to re]iIaco it. The clerestory 
foundation must be sharply watched : long stones are tlie flrst requi- 
site tor tliis wall ; everything de[icnding on the eiCeiency with which 
the concentrated load on the piers is spread out laterally over the 
foundation, till the pressure on the footings is unifonn under jiicrs and 
openings alike. The 

cautioned to leave ^ 
an opening two or three feet square 
at the top of this wall, under the 
arches (Fig. 3J>), and the same 
precaution must be observed wher- . 
ever any portion of a cellar is cut 
ofF by walls from the main [>art, in 
order to secure circulation of air. 
If deprived of this, the beams of p jj 

the lloor above are sure to rot be- 
fore many years, and will sometimes fall in all at once a 
few months. 

The derricks, of which two or three are probably now set u] 
be esamincd. Let the superintendent see that the ropes a 
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,ii'l that n 
tprung ciiii of ]K!rfe(.'t b 



itlier tlie iinwl iinr llie Iwom is crackej o 
aiglitncsi. IIg iiiiist Also rib- 
c each of the i;u,v-ropes is fastenei). Every 
tfao thoulil he Bccarcd to n grnwing tret, ur it pa<it «et 

E Into n luile in tile gruimci, nnii the eitrth rclilWl ami pnckcd ' 
anmntl it. If anv gtiv-ro[>e ban been enrelessly fas- 
tmeil tu « fonw-i^l. wlik-li Is very likely lo be lialF *£tiy-5SM" 
lotlHl off ■! die grouur], or lo a ciirbitone, nr a Imiil- 
dtti W *tiy utbor MichonijQ nnt gwrfectly ^ciiro, order? Riiist nl 
bo givvn tv liavu it chnnged, and all guys must lie s(ri(-C]y reiiuired ta ■ 
be dntwit irp (nut. A loose clerrick rope, ct an tnsuBident iindiaraga,f 
i« lembly tried when n liuavy stone on tbe uiul of [be boom is 

o bring the strain sudilenly upon it, and altbougb ll 
[■ pruporly the contractor's affair, a little alli'iition on tbi' jiarl of tW 
ucliltttct will do no liann, and niuy save loss oF priijiei 
life. Tbe fouDdatioQ-walls of llio chancel, it nhotijj not tw forgottetlifl 

c lu t« llnml niili brick, anil aadiora miiM bo bnilt in 10 liold I 
IlDiii» M dewribcil below. Wc wilt remind the contrftclor of tbia 
good teoMO. 

Tbe last tiling to lie done is to Inspect t)ie materials delivered ain 
>ur previous visit, which will end our ilulies for the d»y. 

A quantity «( gninitu for tlie (at'e of (lie ba^ment wall abovo I 
gimuid iina been nent, already vut -, it being very fummon to eiit tht)-] 
barder tujiav* at the ipiarry. while ihu Rofter freesloiiea a 
tbo building Tiu) Iiluckn arc of random ilzan, awl vary mocli in) 
thickneiif, Kline bcliiy onr or more points Jess than two it 
ThoM uluiulil Ut nt onci' rcji^ctcd, no mailer how thick they mny b 

t llic iiilur eilien (Fig. 36), lincc tEelr eomera arsi 
liable Ui break off under I be wei 
nnd di'fi^iire the work. Still w 
are ibo gtuneswbldi, though of .'iif- t 
fidant tUii:kne»» nrunnd ilie cd 
re hollow in iliu middle. (I'lg. ' 
r.) >'ot even tlie most ckilfui 
barking ewi nudcu thune wciim. L'ttually, the minimum thickoM 
Jiible in the focins blocks is mentioned in Ibe specificfltion, h 
'd tiot, notbint; under t\x incbo* Hliould be ullowcl in 
wall, and not that uoleit )dl auch nonea are ancborud to iliu bactcing. ] 
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It ia rather advanu^eous to hare the stones large oa one bed anil 
small on the otliur, provided they do not cnme to too th n an e<l^e 
(Fig. as.) Such itoncs bond well tt^ether and ti 
the backing. 

It it common in specifications to require that t 
granite shall be "free from knots, sap, shakes and 
roL" Rotten, or crumbling granite is eSBil, dc 
tected, as are also the brown stains known as " sap 
and the black or wliice lumps called " knots 
Shaken, if very bod, are sliown by their diecolored I 
edgeB, but we are likely, with some kinds of gran tc 
to find Btonea with seams through them, which are ' 

tightenougli to hold together while tliestone is cut but w II afierthey 
are placed in the wall, open by the effect of tl e we gl t pon tl em 
and allow rain-water to penetrate. Wliere the stone is tl ck eno gh 
to extend nearly through the wall, a great deal of watur wdl often 
in heavy rains blow into the building through a Miam which mav have 
been quite imperceptible when the ttone was set in place. The moat 
certain way of detecting blocks so affected is to strike ilium with a 
hammer, rejecting the stones which do not ring clearly. 

The only other new material which we find delivered is brick, of 
which two lots are on the ground ; one near the west end of the 
building, which we find to be mainly composed of small bricks, of a 
dark color, the ends of many being black or bluish, 
and generally crooked or irregular in shape. In the 
middle of th^ cellar others are piled, larger, and more regular in 
shape, but light-colored, at least one in four being very pale. Vi'n 
will test the hardness of these by actual trial, iince the cnlor hy itscU 
is an unreliable indication, many clays yielding a light-colored brick 
of very gooil tjualily. Selecting two of the paler ones, we strike 
them together ; they meet with a dull «ound, and the e<lges crumble 
nt the point of contact. After a few blows one breaks in two, showing 
an earthy fracture, destitute of the compact, hard look of good brick. 

The reddest-looking of this lot ring quite clearly when fllruck to- 
gether, anil their good sliape is in their favor, but the men could not 
be depended on to pick out the best ones, and it is safest to order 
the whole lot «ent back. H the contractor Is honest, he will have 
ordered good brick, and if the superintendent reject) them, the loM 
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vill nol be hU, tmt the briuk-maker's. IF ilic superintendent p.t£9ea | 

them, ihpoiigb neg%ence or coniiiliiisance, nol only is tbe contractor j 

Ueprivud of bis iupport in altemptini; to compel the denier to furnish j 

better nwlcrials but lie is \ikit\y to ihiuk ibat he ncc<i nitt bimself be I 

too •crupulous iu olbur ruEpuclB. l^et the superintendent luakc & J 
note of Ijftvlag rejevlcU the brick«, ftn<l give tlie contraelor a mt 

nnduni of it; folluwlDg up bis action l>y a elosu watch to see thut liis 1 

Jlractlans are earriod otit. hei him never albw any britk uf which / 
lie can crumble llie edge with hit Gngera to remain on tbe ground- 

Tlie bard, but crooked liritks, if not loo much distorted, niny bo ulLI- I 

iiLil in the btwking of the stone-work, or in forming the jambi ot | 
boMUiient openings, hitt niuat nut bti used in any pier or arch. 

The (tsging lumber will need occasional alLcniion. Altboiigh witb I 

119 lIiQ arcUicct tak^s no responsibility about llie icafTuld, liis ilirt-e- 1 
tion* Id regard to it will be listened tu with respect, utiU he hiu a 

undoubted right to control its construction where [but m.iv inlluenee ] 
ibc execution of tbe building. 

At our neict Tisll we find tliH first staging up, tbe drain-pi|>e8 on J 
the gnjnnd, centres ready for tl)e srchea under west wall, and tli^ | 
arch bricks delivered. We go around the outside of the walls, tliea I 
Inside, then examiiie tbe materials inside, and lastly, those outside. 
This should be the regular routine of each visit, as the surest way of 
observing whatever may be new in llie work. 

Tho concrete piers are firm enough to build tbe arches upon them, 
tile foundations are going on well and neurly finished, with good 
bond, and neatly pointed outBidci the long stones nndcr clereslorjt 1 
Walt have not bcvn fur^tlen, and trials with the steel rod reveal only 
a few plates to tie taken out and Clled uji. In the tower fouudalioii I 
the aliening for drain-pipe Is projicvly formed, and tlie Urge stones J 
well tail] aail bonilctl. Un our way to the tower, we watch the set- ( 
liag of the capstones to tlie concrete piers. The stones hnvo been I 
C"l Kjuarc, with " skew-backs " furmud fur the arclies to spring from, I 
and all tlio fai-cs "jnintcU" to a uniform surface; tlie top of tho j 
cunereto is well wri. a layer of cemunt mortar made with an equal I 
bulk of sand b spread ovrr it about an inch thick, and the stont I 
lowtrtnl into it, and Iwaten down by blows of a sledge-hammer, not fl 
ajqrfied directly un the xonu, tiut on a piece of timber inlur]<ose(L J 
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The cement tpUI soon sel, and llie centres can be placcU in position 
at once and the arvlies coinnienctd. These should be built in sepa- 
Bri b A h "** concentric rings or rowloclts, four inches lliick, 
rathcrthan in tlie fashion calleil "lK)niled,''wlier(.'cach 
ring is tied to the otlicrs hy briclcs set the eiglit-incli way. Tlie latler 
lias some advimtage in point of appearance, but tlic ari;h of ecparale 
rowlocks possesses a certain elasticity, and power of accommodating 
itself to tlie weiglits upon it, wliieh malce it much better In heavy 
coDStructions. Tlie bricks must be very regular in shape, well toakdl 
in water, — not merely sprinkled, — and laid with morlar of eipial 
parts of ecment and sand. The arches spanning the basement open- 
ings, behind the etraiglit lintels which terminale them outside, should 
be built in a similar manner. 

None of llio granite facing ot Ihe basement wall has yet been set, 
although the grade linea which mark its commencement arc set out 

. ... ^y Etrings stretched between stakes outside. IVe take 

Aahiaf. , , ■ . ■ 

ailvantageoi the opportunity to question the coutractor 
aboat ibe manner in which lie proposes to anchor the face to the 
backing. Tlie specijication indefinitely requires it to be " well an- 
chored," without further details. Much depends on tlio character of 
theaslikr. If the stones are thick, with many of lliem extending 
through the whole thickness of the wall, as is common in Europe, no 
other tics will be necessary lo keep the weight of tiic sujierstructurc 
from forcing the facing stones olf the wall, but with us such a^lilar 
varies from two to twelve inelies in thickness, ncconling to the value 
of the material, backed by a. rubble masonry of rough stone or brick, 
to which it must Ije held by iron lies. 

A four-inch ashlar, and still more a two-inch, which is used only 
for facings of marble, must have, for a higli w.ill, at least one anchor 
in every stone. IVlicn the aslilar is thicker than ibis, 
"Sf A^hla ■" '■«!>■ "nsj !'<= i""'^'' '<^s« numerous. We find our gran- 
ite blocks to arcr.ige eight inches in tliickness, and 
being assured by the contractor that the stones to come will be of a 
similar character, we agree with him that if the anchors are so dis- 
tributed that there shall be at least one to every three feet in length, 
and two feet in height, the work shall be accepted as satisfactory, 
stipulating also that the last course of ashlar, under the waleivtable 
wkich marks the transition from granite to freestone at the first-floor 
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I lertl, jhall liavc an anclior in every rtons. The brownsloiio ashlar 
■ ii{ip(rr part of tJiu wall will bu ut about ihe tanie thJclcuess, 
10 bduio proiiortiuii of aoi/Iiurs ij directed for UiaC aiito ; every 
I) uaila-r the liurLiooUt Blrini^ourtC!) and cornices to be ani'liuredi 
in tlie same way as under llie wa- 
ter-lable. The knchurs aie made 
of wruught-iron strijis about one 
inch wide, nnd u uuch aa ouc- 
_ twelfth-inch thick. Iron of oiic- 

eUlecoUi-ini-'h thickness is Bomc' 
ased, bat is too lighL One end is turned up about two and a 
t in(:he5, and the Dtlwr is turned down about one and a cjuurtcr 
K iochei. This End is heated by tha bliicksoiitU and driven by a blow 
lintoarouiiJ Iwlu made in tliunuvil, wluch rolU it into a tubular ebajie 
K Kilted for inncriion into a hole drilled in the top of the stone to be 
Iwchorod. (Fi;;. 3».) 

Tlis drill-hole khuuUI be one and n half or two inohea from the 
^facc of the aihlar block, and tlie length of the anchor should be so 
Hired n» to exlcrnl entirely through the wall, the other 
p tlow against the inner face. 

)uld bo Boon destro;-e.l by 
if UHid In iheir natural state, they niii^^t 
■IwpfOtnclvd by tarring or galvanizing. The 
llatlcr U most cxjtensive, and jKrhajis be?!, 
Bbut the former ii generally employed. 

a »«tting tliu Grit course of stone above 
I, It is ailvantagcuui to huve it uver- 
• tho foundatiun-wull about an inch: 
I tiw rain-water, which Hows in sheets 
a the cxpoaed surface during Oorms. ■ . 
u it reoi-hcs lhi« point drips otf, and la 
d by the ground, insiead of euuiinu- 
luj hi journey down the face of the fouuda- 
Itlmt-WMlI. (I''ig.4U,) or cour*e, Ihis miKt 
I bo arranscd fur in making tJiu detail druw- 
rlogs It It l4 to bu Jonit ryslematicolly. At all e 
^tioii >nati>ilme4 #een, wlutre the biiM) rour*o Is set bnek from the face 
■ of tlw fouDtlatioij, leavhig a narrow level strip on tup of it, ahould 
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Dot be counlcaanced. Such a BhelE eerves only to catcli the water 
BtreainiDg ilowa from above and conduct it into the masonry, and it 
the plans retjuire such a relative position of the foundatioa and supet^ 
structure, the former should terminate hy a surface sloping back to 
the line of the wal! above it. 

In supervising the facing work, attention should be paid to the ap- 
pearance. With raniiom ashlar, much of the beauty depends upon 

the frequency with which the horizontal joints are 
"^orST 'jn'lten. It is common to specify for such work that 

no horizontal joint shall extend more than six feet, 
and this is a good rule to follow in all cases. The difiercnce be- 
tween a neat and slovenly walling b illustrated by Fig. 41, a and b. 




\a b the effect is injured not only by the long horizontal joints, but 
by the frequent occurrence of Bmall stones, as at A', Y, Z, inserted to 
nil awkward vacancies. 

The work now goes on without intermission until the granite-faced 
wail is ready to receive the watei^tablo or bevelled course which ter- 
minates it. (Fig. 42.) This, like alt horizontal string-courses, par- 
ticularly if projecting, eUould be composed of long stones, running 
back as far into the wall as practicable. They are often specified to 
have the top bed not less than eight inches in the wall, and thiH is a 




g3od Standard, though narrow 
may perhaps have on inch or 



the top of the wall 
less. Care is necessary to osce^ 
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Uin ilie exkct level sonie time before the wall bag rcaclicil the re- 
qairc4 poitit, nnd it is btut to build tip all tlie comers of the btiildinj 
ID the line in ■■Ivanra of the rest, bdU set tlie aurncr-atones of the 
■w»(er-l»blei levelliug tbem carefnlly with an eDgiaeer's instruinent, 
BftcrwudR bringing the iatermediate por- 

' line. This will 
- prevent an ap- 
puariinee Ilko _ 

thu (Fig. ^8) 

caused bf tbe 
atUimpt to re- 
gain a true lev- 
el after the iruU 
hu been cairittl up nearly to tbe top. 

The i]iiittne, or comer blocks of tbe water-table, as indeed of oil th« 
atone-work, mi»t alwayfi, for appearance soke, eliow a nide bend on 
boUi rides UiQ nogle (Fig. 44), ioBtead oE being cut oot of a stone of 
the Mine thicbnesa as the rest (Fig. 45). 

Tlie water-table iodlcates tbe level of the main floor, and while 
pTAparationa are making for laying it, tbu beams may be placed in 
pcdtion. Stock for llicKO has hixa deliierud at intervals pruvioui'ly, 
■oil canifutly examioed, several loads having bvcn iv 
]eet«d for comainiag timbers coiuidrrably lens iu sizu jlJlf "«rf 
(dnce Ike ttiuber shrinks afuir lanlDg) than the sped- 
SesUon calls (or, while others have been thrown out on account of 
pieces badly '■ shaken" 
(Fig. 40) ; or " waney " 
(Fig. 47), through havbg 
been aatrcil bn} near the 
OQlside of a crooki-d piece, 
so tliat a part of tlie wood 
ts lacking: or weakened 
^by largo knots near the 
middle of the span. Tlia 
'. and chaocci floor 
e d!ride<l InUi two apan«. the inner ends of each Fjinn bcinji 
cuTted on a line of girders running through the middle of tbe build- 
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ing, and supported by brick piers under the nave, and an iron column 
in the society-room under the chancel. The girders of main floor 
are of Georgia pine, eight inches by ten, those in chancel being eight 
by twelve, and all are already on the ground. It is necessary to 
have these properly set before the beams can be put in position ; but 
if the piers were to be built up first, and the heavy timbers laid upon 
them, there would be danger of overturning 'or displacing them, so 
it is best to support the girders by temporary wooden shores until 
the floor is on, and afterwards build up the piers between the shores. 
As there is ample head-room in the cellar, the beams are simply 
notched upon the girders, instead of framing them in, and thereby 
weakening the girders with mortises. 

The carpenters are already cutting the notches, and the foreman 
hastens after us to ask whether he shall '* crown '' the beams, and if 
so, how much. Nothing is said about it in the specifications, and a 
,1 I M little reflection is necessary before a reply can be given. 
The crowning, as now usually practised, consists in 
trimming off with an adze the upper edge of the beams, so as to form 
a curve, the convexity of which may be one inch or more, as required. 
(Fig. 48.) Nothing is taken off the middle of the timber, so its 
strength to resist a distributed weight is not impaired, and as all or- 
dinary beams sag a little under their own weight, and still more when 
,1, - -- — . loaded with floorinjr 



and plaster, the crown- 
ing enables this sag- 
ging to be compensat- 
ed, and such a beam, 
when suspended at the 
ends, will be level or 
slightly convex on top, 
the bending due to the 
weijiht showins: itself 




Figs. 48, 49. 





Fig. 50. 

on the under side. (Fig. 49.) Formerly the same effect was sought 
by shoring up the beams strongly in the centre, so as to bend 
them upward, and then either building them into the walls, or con- 
fining them by timbers placed against their ends, and connected by 
iron tie-rods passing between the beams (Fig. 50), but this method 
is objectionable, and is now rarely used. 



BClLDrSQ 

In orJer W iletiTininc wliether trowniii;^ by iLe olhur inodv h d«- 
lirmble, wu can «asil)' calcuUle iho jjroLabl« IwDfiing of ihc limbers, 
1 or, wliHl will bu still bi'ller, oxpurmiunt on tlic spol, hy jiluciog one 
I of lliti U-tuiifi, lIio tujt ut wliiuli liHR lieea previoualy asci^rtaiauil to be 
1 Mniglit anil true, OQ suiiports «C llic proper distancn npart, anil luail- 
l lo)! U at the middle niib a ML-iglit equal (o Aoj/ the IohU irliicli will 
I coiDC upon it uTlcT Uia building is cumptctud. lu iliis uu»e tlie beams 
^ at (liij mruQ floor «r« i>( Mpruce, tbreu incbus by ten, and of cliancel 
r three by Iwelvo, all plitced ei>tceD incites from centrea, itad 
I t*eol]' fwt long, the clenr span being nioctciia ft'ct four laches. 
I Ttwv will be plastered one heafy coat undciroemli, and covered wilU 
ft * double boarding. Eack buam curries the whole weight of the iloor- 
l.ing aimie it nod the plaatei'ing below it, from the central lino of the 

■ intcnral butween itwU and tho next beam on one side to tha corre- 
idlog line od ihe otLer side, the distance between these two line* 

I Iwblg the Mine RS that between the centres of the beams themselves, 

I or risleCD ini-hee. Each beam will then sustain, indepcndL-nt of Us 
iifB weight, an area of flooring IG inches wide and 20 teet long, 
Utd an equal area of phutcriag, amounting toll! inihes (1^ feel) 
< tOsK Stig square foot of each. One squuru foot of dry pine board 

I an inch thielc weighs about three pounds, and as the boarding is 
ilv. six [Hiunda will represent the weight of llooring per square 
Plurering of the kind mentioned will weigh about six pounds 

I per tqtiaro foot, loitking a total loail per fool of 12 pounds, wfaiuh 
]tlltIpU«d by 2&i will give .ISO pounds as the distributed loail on the 

PbcaiD, oxclufiivu of its own WL-ight. OneJialf of lids, or IGO pounils, 

■ .Applied at the eentrc trill produee the sninc eSoct ns the whuln dis' 
I'tribntcd load, and by luiuling our tx[>crimeQUl beam in thU way the 

ant of bending can be at once anccrtaiued. A bucket hung over 
I thn niddle of tlm beam, ami loaded with thirty-fire to forty bricks 
I Acoordin; to ai/o, or wlili a man tlaniling in it, will furm a ready 

B* of applying the weight, and a string tightly strelehcd between 
I Ihc oniln of the beam will show the doflcclion, which we find in tliJs 
I CBH to Ui lust than a quarter of an inch. So slight a dctlcetlon is 
I not worth ibo troublo of correeiing by crowoing tlie beam?, eiipccially 
I M tlu) bridging of the lloor. which is rcquirud by the fpeeifiuation. 
I ftffoida pratvciion agaia«t un^fuof deflection ; nod we tliereforo In- 
I tona the foreman llial il will not be nK^ulred. The lujis of tho beans 
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must, however, be well levelled ; and &s tbey are likel/ to vary some- 
what in depth, the gauge for notchlDg them to fit upon the girder 
must be taken from the u>p, not from the bottwD edge. Tbe ends 
which rest on tbe walls need not be notched, but are " pinned up " 
with chips of stone or slate to tbe required beight Wooden chips 
roust never be used for this purpose, as they bood rot out, and allow 
the beam to settle. 

■ Coaccrning the manner in which the beams should be built into 
the wall, there is much diversity both of opinion and practice. On 
one point, however, all are agreed; that tbe ends 
should be cut on a bevol, thus (Fig. Gl), the variation 
of the inclined lino from the vertical being two to four 
inches, according to the depth of the beam. The ob- 
ject of this is to prevent the destruction of the wall, in case of fire, 
bythefallofthe floor when burnt through. If the beams are bevelled 



■ndtor 




Fig. St. f\t. St. 

as shown, they drop out quietly when their outer endsareconsumed; 
but if left square, the portion in the wall acts as the short arm of a 
powerful lever, whose outer end, being depresscU as the floor falls, 
pries the wall outward with immense force. (Fig. S2.) But besides 
this, precaution should be taken lest the ends of the beams absorb 
moisture from the foundation and perish by dry-rot. The most im- 
portant security against this is tlio avoidance of dampness in the cel- 
lar and its walls by the precautions suggested above, without which 
the other expedients avail little. If reasonable dryness is maintained 
about them, sufficient further protection can be obtained by leaving a 
tmidl open space about the ends of the timbers for circulation of air. 
Some simply build up vertically behind tbe ends of the bcaius, filling 
En solidly between them, and trusting to the subsequent shrinkage of 
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ibe wood to open a slight liiiC suJIieieat conmuoioaiion bL'tn(?en the 
J iriiiDgulv liollow bebiad tbo timber anil tlie air oF tlia 
I cellar. OthurBiDureaM this communication by lai'tiog Protection 
f a |iiuc« of linu or teh paper over tLc end uC live beam, roi. 

1 leUing il liMig down at ilio sides, eo as to keep llie 
I BinMiir^ nt a small distance from the nood. SliU more careful 
Ftruclora build up a recess around coeli timber, leaving it free 
I on all sidi'3, but wilU a dry foundiition of hard stone, laid in half 
I ceiuuntt and Uie floor two feet or more above the ground, eo great 
I pMCaulioa in unaeuesaar)! except for heavy girders. In tliu iirvsunt 
^ bvin^ vory confiilunt oE the dryness of our -wall, we will eoiu- 
1 promise by filllog in clooely betwccQ tho beams wiih the «ione-work, 
but will leave a space behind them, and nill span tlic cml of each 
beam by a siono or a couple of bricks, to as to ojien a cotnmuaicatioQ 
*b<ii>c the beam between tin.' interior ipace and the air. 

Wbcn the CrEt tiur of buumg has been laid and the ends built up 
I iriih matonry, thu work of the superstructure may properly bo said 
to begin, and a variety of new cares will come upon 

! o*. U«r« also commences a oonsiderablo divcrsenco *"?*'" 
\ , , , , ,._ , .... attuoturB, 

between Ihe praotloe of different localities in respect 
I to nany details of eooBtruciion. In the Eastern States, and to nn 
incraating extent in others, the next step after laying the Grbl'llour 
beams, ami bringing the walls up 1o a level with them, is lo cover tlie 
whole floor with cheap inch Iwards of hemlock or spruce, generally 
'^tbick&flModi" — that is, planed on one side so 



L down in place. This furnishes a convenient stnning- 

>l for future operatious; materials &re stored upon it. the roof is 
fnunod upon it, stagings arc erected on it, and the men move freely 

Wlienover It l>ecomcs aecoisary to reach the space bctwcnn the 

I bcamt, for nailing bridging, running gas-pipes, or other purposes, a 

board Is easily token up and replaced again, and at the very end of 

the work tlic whulu is brushed clean, the holes and broken places re- 

jMired. aud an uppar tlaoring of new, clean, fresh boards put down 

IT tt,oaeur two ihicknusBcs of soft felt being laid between, making 

I • Itrang, liand»ome, impervious floor. Among the old-faaliionvd 

dara la New York aud other placet this method is tliougut utmiir 
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sanably coatly, and a. single Sooring only is used, geoernlly of one 
knd a quarter inch boards, tliu laying of whicli, of uourse, In order to 
preserve them from injury, ia delayed as long as possible, all ibe 
operations of building being meanwhile carried on over a fkclclon of 
beams, travereed in different directions by lines of pUnks nhicli bave 
continually to be taken up and changed, while supple luentary plauks 
must be brought and laid down to bold all tbe material used in each 
story, and it a tool is dropped, or a bolt or ancbor-irou rolls from its 
place, it descends to tbe cellar, where the workman must go to find il, 
or let it be altogetber lost. To one familiar nilh both systems, the 
latter seems to invoWe a great waste of time and labor, and llic testi- 
mony of the best builders ia that the double flooring, though costing 
more for material, is so much more economical in these respects as to 
gave more than its extra cost in the completed building. 

W« find this construction specified for the structure under our 
charge, and in less than a day after the beams are on and levelled, 
tliey are covered with a smooth, lirm floor, which can be put down 
with extreme rapidity, being laid without much attem|)t at imneccs' 
eary neatness. The boards, being of hemlock, are full of shakes; 
■omo are cracked in a dozen places, while in others the annual 
rings have separated, and can be peeled off by layers. Some hem- 
lock lumber is much better than this, but there is no need of being 
very particular. As soon as convenient after laying the floor, the 
boards are taken up in a, line through ihe places marked for bridging 
the beams. There are to bo two rows of bridging in 
each span, but the Itind is not ispecified. Occasionally 
a builder is found who im- 
agines that a floor can 
bridged by 6ciing in square 
bits of plank between the 
beams and nailing them in 
place ; a device as costly ai 
iC is perfectly useless, the ^ 
planks answering no pur- 
pose whatever except to 
burden the floor. The "'' "" 

proper nay Is to fit in strips diagonally between the beams, o( suf- 
ficient length to reach from the upper edge of one to tbe lower edge 
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J {Fig. 03). 



t, nailing tliem firmlj in plac 



-ilht' 



*lar 



\l enebM 



A double row in necessary, so arranged aa to abut In pairs against 
Uua uppKT knil uncl«r Eid«s of cacli beam, and the cllact, if arranged 
aj ihuy tUoaiil bui in lines made porfectly straiglit, marking tlie posi- 
tioD of each pieue by a chalk-liae on tlie edges ot the timbers, is to 
connect ibo butuns togetberby 
a kioil ot truss (Fig. 54), 
wliich provcQis any one from | 
bending downward witbo_- 
cnrrjing down with it n niim- *' ' 

ber of others srenler or less according to the perfection of the work- 
tnuubip, but urdinarily about ten. Noihing is added to the absolute 
Urengtliof the wliob lloor, but any dngle overloaded beam is enabled 
to dlride iu burden with six or eight of its neighbors, which is a great 
gain. The bridging in important buildings is usuuHy specificJ to be 
et twi>ii>vb by four-inch pieces, and such may Bometimes bo necessary ; 
bui for ordinary dwulling-liuuse beams, not more than sixteen inches 
Iran oontres, strijis one inch or one and a quarter inches thick and 
four inches wide will, if well fitleil and nailed, prore quite suiricicnt. 
The ends of the bciims which rest on the girders should be nailed 
In place, and in oddition ''itogs" of round bar-iron thrc«>fourll)s 
inch in dtauiel«r and about eighteen inches long, turned ^^ 

down at each end and fashioniMl into a rough, chisel- 
like point (Fig- QS), should be driven into the abutting ends of two 
<ippiMlt« iKams, at intervals of about eight feet, the whole length of 
ibo bnlldiog, so as to connect the beams strongly together ; nnd wall J 
anchors of Hat bar-iron, ^ . . fl 

onc-hnlf inch thick, - T 

at lean one and a fourth inches 
wide, not less than four feet long, and 
turned lip fourinchee at tlie end, should 
be spiked, by means of holes puuuhed _ 
for the purpose, to tlie »idcs of ihl 
Fi|. a. same beams that arc tied at their othg^ 

mill to tbo beams beyond, leaving the turned-up end lo be built into] 
(be mjurairy of the wall above the water-table. This end is often split 
Into a futk and eaeb branch turned up, much im[>roving its bold, t 
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the inner end is sometimes turned down aod driven into iho beam, 
witltout bring spiked to it. These different anchorages form & con- 
tinuous tie from n&U to wall, and allhoagli not far from the ground 
irill assist materially in keeping tho masonry upright. 

Other anchors must be provided, for tying the angles of the build- 
ing iu tho superstructure. These should be of iron similar in thick- 
ness and width to those just described, turned up at oho end and 
down at the other, and from four to six feet long. Tbey sliould be 
laid alternately in each of the nails forming the angle, and a.t inter- 
vals of from four to eight feet in height, according to the amount of 
bond obtained by the stones alone. Young architects are often sui^ 
prised to find that so much iron is needed in masonry, which they 
imagine by the dcsc^ipUons given in their text-books to be ijuilc 
capable, when well bonHed, of holding itself together without eiil'Ii 
aid; liut our ordinary structure of thiu ashlar facing, backed with 
incoherent rubble of small stooos, is a very different matter from the 
combination of squared blocks to which the books refer. 

Still another set of anchors must be built into certain portions of 
the walls as they progress, to hold the brick lining which is subse- 
quently to be bnilt up inside. A part of these .ire to 
I the society-room under the chancel, and 
others in tho vestibule which forms the firft ftory of 
iho tower. Tho former of these lining walls is to be plastered, hut 
not the latter, and the anchors needed will differ a little in eonsc- 
fjuenco; those for the plastered wall being arranged to project en- 
tirely through the lining, turning up two inches on the inner ^ide, 
while the others must stop just behind llie inner face, so as to lie 
concealed in the joint. They should bo made of iron not less than 
one-sixteenth inch in thickness and one inch wide, tarred or gal- 
vanized, turned np at the end in tho outside wall, and extending half- 
way through it. They are to be built into tlie outside wall at inter- 
vals of two feet both horizontally and vertically, setting them care- 
fully to the proper length by measuring from the ouwi'i/e, and left 
projecting until the time comes for building the lining wnll, when 
they will bo found all ready at the proper place. Various forms are 
given to these ties, all intended to prevent condensed moisture, or 
water driven throngh the outer wall, from being conducted by them 
•CTOsa the ^r^pace into tbe lining wall, where it would show itsel' 
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\if a permnneiu Epol in the plnflering. Tlie part wbich crosses ih^ 
uP4p«cc )■ oltea bunt duwincnril into a V-shapc, from vliicU the 
wftUr drips to the boll«m o( the cavity, and this, if Iho deprcsaoQ 
is docp enough, is moderately effectual, but if too shallow, the mor- 
tar falUng from nbove collects oa the tiea in (Quantity sufficient to 
brit^ the nir-fpare in aomu plncca, and convey iratcr through to the 
li|iiag> Another form ia niade by twiEting the ties bo that the por- 
tiuu io the air-space is vertical, and collects neither mortar uor wutcn 
Tlie iron u sotnctimo used without tnisting, but »ct id the vertical 
joints, thus attaining the same result at less expense, but with greater 
iToolilo; fioce the iron;!, being set at random ia the wall, never coln- 
dilo cxAclly with the jointii uf the brickwork, and hove to be beat 
more «r Itr!s Ut reach one. When inserted in the horizontal joints, 
Ullla beading Is necessary, hardly more than an inch in any case; 
bat wlien placed Id the vertical joints, the lining wall being composed 
Ottirdyof stretchers, n lateral movement of four inches may often 
be raqutni]. On thu whole, the V-bent ties seem to be most suitable 
ia oar case, but we direct that they shall be placed vertically one 
above anatltcr, ao that those above nay ebcitcr those below from foll- 
ii^ mortar, and that in buitding the lining every row shall be cleaocd 
ofl as soon as the one above it is fixed in place- 
While llit>N> mailers arc being settled, the delivery of freestone, 
both cut into ashlar for the facing and in rough blocks for working 
loio mouldings and arch-^tonva, has been going on. Tlii* should be 
aUcntivrly waidicd, and if possible n visit should be 
nado to the quarry to inspect the different beds of 
roelc. There U nsiially much variation in the quality of stone front 
Ibe samo quarry, one end (ruqucntly running into extreme hardness, 
while ibe odier is too toll For use, or superposed strata may »ho» dif" 
fetvnt propcriiOB. Variations in color usually accompany difference^ 
xinre, and each different tint of Fione on the ground should be 
d by chipping oil n thin piece, and crumbling the edge in the 
n. Tim hardest sandstone will resist this treatment like fllnl, 
ft building stones crumble rilghtty at the very edge, while the 
It nristius crush cosily. Few of the ordinar)' freestones show 
aler horducM tlian common loaf sugar, hut thoiio that an 
(1 b« rejcotod. 
g tiada of stone have an extremely annoying defect in I 
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shape of " sand-holes," which arc small formations in the interior of 
the block, often similar in appearance to the rest of the stone, but 

... destitute of cementinjj matter, so that on beino; ex- 
8and-Holesa ° 

posed by cutting, the sand falls out, leaving an un- 
sightly hole, which cannot be successfully concealed by filling with 
cement. Any variety of stone which proves to be affected in this 
way should therefore be entirely rejected, as sand-holes may exist in 
any of the blocks, undiscovered until the stone is cut. Some stones 
contain similar cavities filled with clay, which are equally pernicious. 
Seams injure the quality of many classes of freestone, but are 
usually more easily detected than those in granite. All sandstone is 
stratified, the beds varying from ten feet to a small 
fraction of an inch in thickness, and the divisions be- 
tween the strata show themselves as dark streaks on the edge of the 
stone. Where the beds, though distinct, are strongly cemented to- 
gether, the stratification rather improves the quality of the material 
by the beautifully figured appearance which it gives to a smoothly- 
rubbed surface, as in the stone from Portland j Connecticut, but the 
seams are not always tight, or if they are, may not remain so, and 
the stone scales or " shells " away, so that bloc'js, especially large 
ones, of stratified rock should be "sounded" all over with a ham- 
mer before setting in the building, to detect any separation between 
the interior surfaces. 

The stone-cutting shed will now become a point of special interest 
at each visit, since here will be carried into execution the ornamental 
details of the building, whose accuracy and perfection of workman- 
ship will do much to enhance its beauty. 

Among the first things done in the cutting-shed are the jamb- 
stones for the windows. The sills are to be slii>sills; that is, in- 
serted between the jambs at some subsequent period, and the detailed 
sections of them are not yet at hand, but a number of jaml)-stones 
are cut. We have taken care to make ourselves per- 
fectly familiar, not only with the position, height above 
the floor, and exact dimensions of every window, but also with the 
depth of the various reveals ; and we begin at once to measure the 
smaller stones to see if they are of the required depth, finding imme- 
diately that many fall short an inch or more. These must be marked 
and laid aside, to be recut for other purposes, making sure that they 
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M likdjF to be put into the wnll, for the repiacing of aa imiatid- 
Imetatf qooin b n dim^cAble matter, and it is utill vorse to leave 
it in and cn>lea«or to All out the cluficiency by patching. 

Tli« OlW ileUil* cliould be sharp [/ looked to; ekulebea mnde to 
ni^iua ubecuru ilntvriuga; the mouMpd work trequcnlly compared 
I orfUi Om >lnc patlvms or lemplelB. aiiil thcfC with the sectional 
I liravin^; Ihci carving critid^ud, and the itrni^'ht«d^u and Mjuuro 
I fraqnciulf applied to the noi'k of men -mho aeum uuskllfiit or ncg- 
] HgnL 

lite r«^iar rautiac of a tour around the outside of the buihling. 

1 foUmnxl by one inside, and mi examination of ibe new nialcriala, 

Gr« insiijfl and ihea cutfide, ihould Mill be kept np, but the inspco- 

I UuD »luiu]d lake place at ibe lerrl of the sta^ng; where the men are 

I St work. The ftecl rod oiay oecasiunolly be naei) to examine tlie 

I w^rkmansliip of new men, and a continual watch must be kept to sra 

llmt Uiii Bshiar 19 properly and sufTiclenlly anchored to the bavking, 

liat all exposed angles or pntjecting parts o( the stone-work, as 

■n of DpuiiingB, string-courBee, eitls and cornices, are well cov. 

end up with t>uarde, to protect ihem from accidental blowa, and 

a falling ubjccti. 

Before ihc wails reach the top, it is necessary, whether the iEpeci& 

Ian* mention It or not, lo build in lung bolts at every angle, and 

I at interrals of aliout ten feet along tlie walla, to liold 

a woodtn wall-plate. Tbe bolts should bo of onfrmch*"*"'^^;;,« *•*• 
nand iron, three or four feet long, with a short plalo 
I U the lower vud to givo them secure Iiold, built in vertically, so that 
tbo upper end, threaded for a nut, may project an inch at least above 
the top uf the wuIt-pUte when laid. Tn setting tliis, boles an bored 
fur tbe bolts, and nuts widi large washers are put on and screwed 
down firmly. 

The icltiiig of the cornice oliil coping stones must be watched anx- 
iously. It is euBtomary to fpceify that allcomico or other projecting 

■ shall balance on llie wall, or in other words, 
that the weight of tlie portion of the stone on the wall 'j^'ont^* 
•hall exceed that of tlie projecting part, by one-fourth. 
one-half, or more, as the case may be. Whether specified or not, a 
eonriilrrable cxcsh of weight on tlie wall is necessary to a good job 
of ft«w.work. lieary cornice-stones are often seen, where the »i|^ 
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lance of an inspector is wanting, which wonld fall immediately into 
the street if they were not held hack hy thin iron straps to the tim- 
bers of the roof, and do so fall when the straps rust, or the timbers 
are burnt away. 

Copings must also bo strongly secured against sliding oif. The 

" kneelers " or corbels at the foot of the slope, which ostensibly sup- 

port them, are seldom so designed as to be capable of 

anything more than holding themselves in place, and 

usually require even for that to be anchored back to the masonry, 

so that the coping-stones must be held by irons at the foot of each. 

Finials also, which commonly decorate the peaks of gables, are not 

secure unless dowelled to the adjacent stones, and if 

composed of several pieces should. be drilled completely 

through, and strung upon a long iron rod previously built into the 

masonry, with nut and washer at the top to hold the joints firmly 

together. 

The young superintendent will hardly see the finials placed on his 
building without having undergone several conflicts with the con- 
tractor as to the stones which are to be permitted in 
Stones! ^^^® work. He may find his orders about seams and 
sand-holes olieerfully complied with, but stones acci~ 
dentally broken after cutting will be used wherever they can escape 
his eye ; the fractured portions, if conspicuous, being neatly cut out, 
and a new piece inserted and glued in with melted shellac. In dry 
weather, and while- still fresh from the tool, such patches are hardly 
noticeable unless near the eye, and they should therefore be looked 
for from the stagings before these are shifted ; but when the stone 
is wet by rain, the inserted piece becomes painfully conspicuous, and 
as the shellac is slowly destroyed between the stones, the joint be- 
comes more and more evident, and the piece may even drop out if 
situated, as sometimes occurs, on the under side of a lintel. 

Both firmness and consideration are necessary in dealing with these 
cases. While a patched jamb-stone, sill or lintel, unless of extraor- 
dinary size, is inexcusable, it would be harsh to condemn a piece of 
rich and costly carving for a small mutilation which could be easily 
concealed; and some fractures may occur after the stone-work is 
completed which can only be repaired by patching in this way. The 
walls are by this time ready for the roof, and the tower ha8< 



Iwra mrriral np to tUe satne- height. Tbe (contractor, R'axious to sarft ^ 
I [in«tiU«, is GtUI at work on thi?, although the f 

*un it crttln;: lat«, aad the nisht? trasty. One tin- „ 

■. ■ . , - . ■ . IWaion-wark 

U9U»lly colli morning we arrive on Iho ^ouml, anu in FrasiinK 
And lh« morWf left over from th« previoua evening W*""!"'- 
Eracnt hard !a the tiib». TrVing one of tli'^ 'tnnll stones in iliv bnck- J 
isg bill itiK tlay before, wl' find thu initi'iul of ajhering to tli 
tsr, unl bringing aifay »onic lumps i;lin^ng lu it, the atoae wparattNt^ 
iiarilji ni'l fonirs Away clean, wliilo its surface, as well ai> tliat of the 
mnrUiT in whii<h ii lay, is ooveruil wldi hoar frost. 

TUi i» ■ plain indication that the mason-work must be fospendcd 
■mtll tl>« H-IIkd warm nealhur of spring. The film of frost which 
peaetnttva in coW weather between ihe movtar and the atones formf , 
■ «a<nple(u w'paratiun, and adherence Uoes not take place again nfte^ | 
the lr« Is lba«ed, wlille (he mortar is itself a1»o more or less dislD^ 
Ic^ralod by fi-ecilng. Mortar of pure lime, if froien in tbe tub*, 
may be waruHul ami worked over «o as to be ased, but cement, if itt 
finitMrl l« ■mcc broken np, cither by freciiog or by unneeKBs.iry gtir- 
ria^, w^U never harden Dj^ain. 

Tile foremaa, mindful of Ida master's intereits, resista the order to 1 
emer op the walls, rcUttng- anecdotes ot striictuivR built witbouci 
bniH in the midst ot terrible frosts, and urging at great length thV ] 
well known miperiorily of a "frozen sot" over all others; but he . 
■faonld be overmleil. If any error i» eommitteil. It 
flionbl be on lite side of aafcty. It is true that plas- 
itrinij, o( pure llmo only. If frozen at tlic beginning of the Ecason, 
uii kept conitantly frozen for Rome tnnnths, acqiitres at tbe cod of I 
lliiil (inc a conndorabic hardness, which is not !o5t on thawing ; 
while If thnwnl within a few days or weeks after freezing, it dis-in*' 1 
trgmta .lod crumbles ; but in this there is no question of the icpiu f 
onm or bricks and the mortar of a piece of n 
, which takes place without regard to the duration ot the I 
froetli»2. anil cwittitiiies thn chief ilanger, and moreover a " frozen ] 
Ml " U htii>o"iiilili> with mortar containing cement or hydraulic 
Tbit tower wntU an: llierefore covered with a roof of boarils, and | 
) cot atone for the rpire, or employed In huUitin; 

I |h« hafcmeoi pi«r«, and ts fooa at the main roof is on, tbe lining wall! j 

I tn tU aoHety-room Mid realibnle. 
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The design for roof trusses should liavc been anxiously criticised 
by the superintendent, in order to detect and remedy 
the neakncaaes, if any exist, before they cause loss 
and discredit through the fnilurc of the executed etructurc. 

It all is found satisfactory, tlic details arc oouimiltcd to the fraroer, 
who will probably need and ask for advice concerning the various 
joints, tenons, bolts and straps, so that the young arcliitect will do 
well to refresh his knowledge on these points both from his text- 
books and such examples as he can reach. The accuracy of llie 
curves, the neatness of the chamfers, the sufTicicncy of the bolts, 
should all be noted, as well as the correctness of position on the walls, 
and the alignment of the purlins. The rafters once on, tlic covering- 
in commences immediately, and after inspecting the quality of the 
boards, which should be planed on one side, smooth, strajglit-^dgeil ami 
free from Icose knots, if slate are to bo laid over them, it will beeomc 
necessary to decide as to the best way of working the I1a£hins;s 
and gutters. Of the former, there will be not only the valK-ys, but 
the intersections of the roof with the back of the "able 
Plathlngfc „ , , , . , - . , 

walls, the tower, autl two cliimncys, wliicli mu<t be 

protected agunst the entrance of water. The specification requires 
" all necessary flashings " to be put on " in the best manner," care- 
lessly omitting further details. Even the malarial which fhail be 
used is not specified, and the superintendent wisely resolves to come 
to an understanding with the contractor beforehand, and thus avoid 
the possibility of having to reject work after it has been put up. 

Unquestionably, the " best " material for (lashings is copper, which 
is indestructible by weallier, is so tenacious as not to crack like lead 
or zinc when bent at a sharp angle, and so stiff that aficr 
bending it cannot be, like lead, blown up by a strong wind. Never- 
theless, copper flashings are costly, and little employed, so that it 
would be unjust to require a contractor to use them under the cir- 
cumstances, and we must content ourselves with lead and zinc. The 
latter metal will constitute the whole of the valley and hip ilasliings, 
and two ways of arranging these are permissible j the best practice 
of various localities inclining about as much to one as the other. 
Often the two systems arc mixed, and the valleys laid by one, and 
the hips by the other, or vice vena. 

By the first method, which is perhaps most popular in the large 
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ciite*, tLe tiUcj'i are uoveriid with a long atrip of einc, TiCieeD oi 
t«CD incli«a wide, laid [he wiialc Icri^'tli of ilie aa-^ie, un<I soUered ^ 
g«ilirr al iha joiats (Fig. SO). Tliij U Ucke>l at tlic edges, i 
Uu) (tstDi laid 30 M to Inp over it on ench aiile. IF tlie metal n 
not (uliject to cxpansinn by huat, this wouUi perhaps be Uie best \t 
bat 111* long iilript longiUi.'D very ^eosihly amler a Buniincr'« aitnrS 
oootract agttio in winter, and the ultima'^ iiif ect often is to ti 
U fomo pcaaL, molting m bad leak. Tlie same method applied I 
flAahiag against a wall coniiata in coverin 
jcnut by a lung strip, one edge of which ii 
', and tuckL'd into a regie t, groove or 





^ " cut in the stone or brick work of tliu 

wall >ix Inches or more above the flopc of 

tbo roof, and parallel with it. The efficiency r-g. SB. 

of this dept^ds on the caiv with which it is 

done. Xlu.- cETuct of alturnalo heat and cold on such a Qashing ia '^ 

warjt it milU It spring out from the " rag«lc " cither at o 

Uw mlildle, letting a stream of water run <lr>wn into the i 

(Fig. &T),and this can nnly be pi^ventvd hycutring the groove qaitl 

dwp, an inch or bo, instead of tlia lialf-ini^h which is i 

log In the flajhing to tbo very bottom of tlie groove, and wedging j 

ftrady in witli slato chips and cumunl. The wowlen chips goner^ 

nsrd fat the purpose *oon shrink and become loose. 

Hips are covered with strips by pniting a wooilcn " hip rol! ** 
tho boardint; and laying tlie slalcs clo^c up to it, subsequently ti 
lag ID the niftnl, filling it closely around ilie roll, and letting 
Irad on each side tlirec or four inches over the elates (I'ig liS). 

Th« ewenco of the rival method cunsisls in its cm ploy men 1 
■mall piece* of metal lapped over each other, without , 
•oldend jeinti. so that ihey can expand nnri contract ^^ 
fruely. In (onuing valloya by tliis mode a siilliiient 
aaabtr of trapeioIJal pieces of lioc or other metal a 
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(Pig. 59), in lengdi er]ual to one of the slates used, aad it 
iag from about too inches atone end to (iiCctn 
according to the pitch of the roof. 
These pieces arc taken on i 
roof by the slater and "slated 1 
in," each forming a pari of iho i 
two coureea of eiatu correspond- 
ing on each side of the angle 
(Fig. GO), and each being laid 
over the course of elatea next 
below it, while the slates them- 
selves are laid more closely into ' '' "" 
the angle of the valley than nhcn the oihei 
Although more metal is used in ihia way, (he labor is 
work on tlic whole more satisfactory, bccau«o more pcrmanenl. 

In its application to the flashing uf walls and chimneys there is 

less to be said in favor of it, compared with a Urst-class job in the 

other style. In the " stepped flashing," aa It is called, composed uf 

small pieces, no groove is cut in tlie masonry, but 

^luSMnE. ■'""'t lengths of the horizontal mortar joints are 
raked out, and pieces of metal are cemented in, one 
above another, lapping over each other like a flight of steps. This 
Is much more pcrmanenl than a single strip, especially if the pieces. 
Instead of being iuscrtcd in a raked-out joint, are built into the nia- 
tonry itselF, as is often dune; but in cxpo^d situations tlic wiud and 
rain are likely to blow into the vertical crevices which are left 
between the masonry and tbe uetnl when this is folded dotrn against 
It, so that clastic cement, or a stopping of " paint skins " and Une 
sand are necessary to make ihcm tigbt. 

The principle of subdivided (lashings is applied to liips by slating 
in pieces of metal, the slates then being laid out to the very edge. 
This is both tighter and neater in appearance than the liip roll with 
its spreading sides. ' 

After a discussion' with the roofer on all these jioints, wo decide 
that the hipf and valleys shall have flushings slated in, hut that or- 
dinary (lashings in long strips shall be nsed where the roof cornea 
against masonry. The stone-work is in places so rough that it wouhl 
be impossible to turn down a slieet of stepped flashing against it so 
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a preferable, but w 
I wcurlng ibe itrips int 



nalla ami 



■IosfI;' m >u uo tight, anil the olLer mode g( 
. enjoin npon the roofer the greatest o 
I the groorei. 

Aa (ar the tnct^ of the Hayings, <re insist that those o 

chimn^j'* diall be "CAppC']," iiDci that the CBp[iing 

fJutU bo uf [our-|>oun'l luad. All llio rest we •llrei-t -f^V^" 

10 Im uf Ko. 13 (»lxtecn-ouiice) tine. 

The con'racior demurs soioewhat lo capping the lou^' flashings, 
I but Ibo superintuD'lunt pcrslsti, and the rooEer, on being closely 
I ipjMlioned, liottlly ucknowW^^s that they ennnot in nny other way 
I be iueiJd rvBiontibl)' pCTmanent, and as the uantract rci[uiri» thai 
I tbe liglitni'Ea o( the roof ahall bo ganrontced for two years, he at 
I lengtlii lolluEni'od by the instinct (if self-proteytioD, yields. 

Thit cnppini,' it life best Mifegriiard a^ainat the evil efTecIs of cx- 
I passion on long Huhings, and consists in malclns Uiem in a certain 
O double; one «trlp of zinc covering the roof, and being turned 
I Dp againH Use ntawory, almost to the tine of the "raggle," or 
I graof «, Willi n few nails lo keep it in place, wlille a. second atrip of 
I lead, thin onougb to tto uatily dressed close Bgainst lliu wall, is c&- 
1 into ih(! "ragglu"jait aborc tlic upper edge of the tine 
I nrip, and turned down over it, reaching lo a lino an inch nbovc the 
I lorfaco of the roof, so that iho two pieces of nielal can expand and 
\ eootrad inilc|i«ndcDtly without finally o[Maing a joint. It must not 

approach nearer iliaa an inch ; IF it duc9, it may dip inui a current 
I of water or incited snow llowlng down the roof, and the capillars 
I Mtraclion between the tno matal surfaces will draw moiaturc up^ 
[ aad over tlw «dg(t of tlie inner strip, to find its way into the roomi 

The maton. who is all rvndr to cut llie rcglots, asks ui whether he 

diall tnalte tlimu on tli« rear of the coji.ngs by raking o;it tliu Joint 

I be(we«n ihem and the muicnry below, or shall out iliem iu the taping 

\ Itself- Tliur<< is mbi9 ailvantage in pri^<eijn^ the bod of ihe coping;, 

y tluit wo did not think ia time lo have the 

I badcn atrip^ laid into llio morlar before netting Uie coping, which 

would hare made an adinirnhle arrangement, wo order the grooves 

to be cnt two inclie* above tlie bed joint of tlm coping: lo bo fit 

I lca*t one inch de«p, and Rnscndale cement to be provided, read]' 



1, fur (eitiiig the lead it 






8i 
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Tlie gutters must next be attended (41, altliough tlie sjiccifieation, 
in calling Eor " gutters of No. 21 galvanized-iron, aa par detail 
drawing (Fig. Gl), runaing up 10 inclies under slates, and to Lave 
front edge turned over a ^ inch by J inch wrought-iron b:ir, villi 
galvani^d wrought-iron braces every 21 inches, running up two Feet 
under slates, and strip of four-pound lead one inch wide soldereil on 
under side to cover edge of stone 
Oitttan. cornice," lias relieved us of Iho 
severest responsibility, liut, as usual, noUilng 
on ilie drawings indicates tlie position of the 
six "golvMiizeJ-iron conductors" which the 
■peciCcalioQ demands, and in conseijucnce, tlie 
direction in which the gutters shall incline must 
bo determined byllie superintendent, according 
to his best judgment. The task is not dilllcult, 
and the gutter, which is already on the ground, 
having been examined and found to be in 
cordance with the detailed suction, well furniid '> 
and straight, is passed, and immediately hoistid 
to the roof for putting in place. 
Meanwhile, wo descend to the basement, to 
of the piers and ihu 
ID column in the society- rooui. 
turned our atc[i» in tliat dircc- 

ind the basement plan 
the foreman niai^on 



setting of the 

Hardly have 1 
tion when, as 
seizes us, which is increased 




meet us, and jerking his thumb in the direction of the Micicty-room, 
begin?, " About that ar column, — do you think one is enough to hold 
tliat floor?" We make no direct answer, preferring to wait until we 
can understand all the circumstances, which prove to he anything but 
reassuring. The total length oE the girder in the ceiling of the so- 
ciety-room, from the brick wall which stands under the cliancel steps 
to the cast wall, measures forty feet, and the column is indicated 
on the plan as standing under its centre. The clear dii'tanee from 
the centre of the pillar to the wall in each direction is therefore 
twenty feet, spanned by a single 8" x 12" hard-pine limber. The 
floor-beams are all in place, but the shores set up &t rnndom under 
(he girder to support it while the piers were being built have not 



'- E. 



jvi bcon removed, to ire ore unable to juilge by the ilefli'i^t 

Micks wlictber tlicjr arc oierloaUed or aoU It h, bowcrur, very easy 

(O dvtvnniim lliU point by calcubtioD. Tbe girder 

y X (Fig. 02) carrying the iroatern part of Uie eo- Colculotlon 

ciMv<ruaiU ceiling is tlie most etraiDed, since it bears 

Dcic-hilf tlic wuiglit of the ractnngular poriiuo A C B O of ibo d 

ci-l floor, wliilu Uiu jiirdur X £ cnrricg only oac-balf tbe W 

C B U, whust nrt-u IB but about 

(our-IUibs tbiit of a rcclanglo / 

at ciaul Irn^ili and brcadi.li, 

and wc will ibcruforo ninku our 

i:»tinistc9 for Uic limber F X, 

■urc tlint if Ibis is strong 

enuugli for il« purpusv, the oac 

si X £ wlUbc more thnn suf- 

ficWnL Tlie Uiriiiiiue FEbv 

ins to ttit, aod ibu widiU of 

tbe cap of ibo column at X, 

8 iiithv*, buln^ dvdiictod from 

tbe lolol clear nina of tbe tno 

girders, Icnvcs 1 9 fuut 8 inches 

ma tbe length of cncb bulirccn 

bearings. The distance A B f 

Is 89^ feet, so thai ibe tuul 

torn Area heurlng on F X is eqoal to ' il jf "J ?* = 387 square I 

Tbn cIiDDC«l floor Is to bo tiled, soil the weight uf the floor, ineluding 

bejuns and boarding, brick fuundnlion and lilc!, may be taken a 

HTcnty-onc pounds per •qiiiu'c foot, and that of the plastering on thi 

ntiilcr ■iJo at ten pounds more, makbg cighlj-'Ono pound?. 

Besides this load, the supporting timber must be cnlcululcd U 
safely tbi! weight of any probablo crowd of persons upon it. 
iba New York building Inw, tlic load wbiuh must be uAsumud n 
lialilu to 1)0 brought u|>oa tba lloor of a pinee of public assembly ia 
eitbnatcd at uuu buinlrod und twenty pound* per square foot, indo> 
pendent of the weight of tbe structure itself, and tbough this it 
probably rallH'r a high e«tiiuiiie of the weight of a compact crc 
«e (lisll i]i> [fCKt to adopt it as ft standard. Our ebaoecl floor n 
ibca bt reckoned at 81 -f 120^201 pound* per square foot, ani 
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the girder supports 387 square feet, the load will be 201 x 387 = 
77,787 pounds, equally divided by the beams over the whole length 
of the girder. To this must be added the weight of the girder 
itself, which at 45 pounds per cubic foot will be 590, making a total 
of 78,377 pounds. The absolute breaking weight, applied at the 
centre, of a Georgia-pine beam is calculated by multiplying the 
breadth in inches by the square of the depth in inches, and this prod- 
uct by 550, and dividing the result by the length in feet, or, if 

b = the breadth in inches, 

d =s depth in inches, 

I =x length in feet, 5_^^<J5? ^ breaking weight at the centre. 
If the load is equally distributed, instead of being applied at the 
centre, twice as much will be required to break the beam, or 
d <f» X 650 X 2 _. i)r(jakiu2r weight if uniformlv distributed. As, 

however, timber deflects seriously and permanently long before the 
load on it reaches the breaking point, and as it becomes weakened by 
undue strain or other causes, it is considered unsafe to load it with 
more than one-tliird the calculated breaking weight, so that the re- 
sult of the operation indicated in this second formula should be 
divided by 3 to obtain the safe distributed load ; thus, 

6 tf » X 550 X 2 r 1- * -u * 1 1 i 

27 = ***® distributed load. 

Applying this to our present beam, whose breadth is 8 inches and its 
depth 12, the length being 19f feet, we find that l2i^i21^L2L? ^ 

21,478 pounds is the utmost distributed weight which can safely 
bo put on it. As our calculations have just shown that it is 
liable to be called upon to bear 78,377 pounds, there is a very 
evident necessity for doing something to strengthen it. What steps 
should be taken is a matter for the architect to decide, and we notifv 
him at once. There are several methods to choose from. Addi- 
tional columns can be interposed between the central column and the 
walls ; or the girders can be replaced by stronger ones, leaving the 
single column in the centre ; or additional rows of girders can be 
put in, each supported by columns. While awaiting his reply we 
will inspect the brick piers which support the girders in the main 
cellar. Of these there are rather more than is neces- 
sary, the plan showing them spaced but six feet apart 
from centres. A few only have been built, of well-formed hard 
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brick, twclvu ioclicB squnrc, as iLe plan uliows, but ttUL joims of a 
tuipkiuus grtiy-Iiluu cglor, inatentl oE bi'onn. They li»ve Ix.'eii roiu- 
]^'(c(I S01UU lUme Uays, but wa Gad that a knife-bluUe eoaily pci^ 
bU'ei tliQ murlar nltur tlw mitur crust is piurced. Cnlliog the 
MD, Kv ask. Iiiu if till) pitire wi-re laid in iand und tciui-'oC, only, 
vltbout Uiuo, OS tli« spcuiflvuian required. lie answers witli coa~ 
>id»r»blii lieeiuiion tbat " it liiiU lime miglit purlmps tiave been put 
in, tMt U U mostly cement." Our suspiciont are nut allayed, and 
«rl^ gjik to M>c the cask from which the cciueat vat taken, and to 
lutiu the umrtar mixi^r bruu;;lit brforu ui. The iorcuinn is about to 
diMtpputr In suardi of ihi-so wilneHscj, but w. detain hiui and sead 
a iMjr Id Lis eIcmI, who dues nut return ; aixl aitur a good deal «f 
writhing, our captive confossea, being confronlcil with thu mft niur- 
tw, thai there was no cement on the ground at the time, and be had 
imI tbo piers built witli tho best mortar he could .possibly make with 
ia inalerijtU at hand. 

" What did you lolor tho mortnr with, to make It so dark V " we 
asiti and the foremiut replte*, " Well, wu didn*t suppose you would 



knuw tbtt diSwence, 

•oine buu|ibluck, and mUed It u 

We Impress upol his mind oi 
In;; all the piers duinolialieil in 
I UI Mmoniiion. 

Tite KTcbitoet is at a distant 



r to the grocery sLure, and gut 



' objection to such tricks by order 
ur preseaee, nnd dismiss hiui will 



, and before his a 



r about the 



Iprden nrrives we have an opportunity to ii)3[>eet the roofing work 
agoio. I'he gutters are un and properly brneed, the lla^hinga iin- 
btied beliind one galile, nnd Car advanced on another, und slnliug 
luu k-gun. The elates have but just arrived, and we 
•lii|> to Ineiwct tliem. Tlie speciricntion describes 
lUtmi only aa " good bbck slale," but in the lot delivered, nnd 
•UskvU nearllie liolsling tackle, we observe several iliHerent varieties. 
SOBio ore tliin, but wilii a beautifully smooth, shining surface, nnd 
vary binek : thuM! are from Pennsylvania, and arc of excellent ipinl- 
Ity: otlicr* from Maine lire split a little tliickcr, and are dIto emoolh 
and *ldning, but with u gr;iyi>h luatru, like black lead ) olliers again 
an thick, witli a dead look, and crumble at the edges on being 
strongly plncheil. We lake one of the last-nwDtioneil kind, nnd set 
IL np OD edge in a pail of water, ivavlnj; It a few miQulot, when ilia 



i 
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moisture U seen to rise in the substance of the sUine half an iuch or 
more above the surface of tlio water. This slate is tlieruforo absor- 
bcat and bad, and must be wholly rejected, while, as it would givu a 
ragged look to see two lunds used together on a roof, we Euniiuoa 
the contractor and re(]uest him to choose between the Maine or the 
Pennsj-lvania slate, either of which will l>o acceptable, and scud 
away all others. 

Ascending now to the roof, we reach the gable wall, behind which 
the roofer is inserting his flashings. As we approach, lie hastily 
. bundles together a quantity of pieces of r.inc and throws them beliind 
him, but the appearance of the work gives no cause for suspecting 
anything wrong. The lead is smoolhly turned into its reglcl, and 
the groove filled with cement; the soldering is well done, and the 
lower edge at the proper distance from the roof, and all clo.'i>ly 
dressed down to the stone-work. We take a convenient stick, and 
turn lip tbe edge of the lead -cnp fnr enougii to be able to ins|)cct the 
8asliing beneath. Instead of extending up the wall to within half 
an inch or less of the reglet in whieh the capping is inserted, it is 
turned up only about an inch and a lialf, so that the cap just covers 

Turning to the abashed roofer for an explanation, he says that be 
■aw no nccessitr for turning flashings up eight inches, which would 
bo the distance betwecti the roof surface and the reglet: that two 
ioclies was enough for any one, etc. We do not slop to argue the 
question, but simply direct the cap to be turneil up tlirougliout its 
lengtli, the under flashing to be replaced in accordance with the or- 
ders first given, ani the whole left exposed for a second inspection 
before the lead cap is turned down again into its place. Taking the 
roofer with us, we make our way to the other gable, where both 
upper and under flashing prove to bo of the requisite width, but the 
lead, instead of being cemented into the groove, is wedged in with 
slips of wood. We have these replaced with slate chi|)s, and the 
groove filled with fresh cement; then look to see if the tarred felt 
wbich is being spread over llic roof under the slate is llexible, and 
tbe rolls perfect, instead of being, as sometimes happens, full of holes 
and fiaws, and the material itself brittle and rotten. A glance is 
sufficient to satisfy us in these respects, and our duties are over for 
the day. 
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A letter received from the architect before our next visit explains 
the unfortimate 0Tersi<;lit in relation to the fi^irdcrs in the ceilin<; of 
the society-room. It seems tliat three columns had been indicated 
in this room to support the line of girders, dividing the length into 
four spans, for which the timber would have been sufBciently strong, 
and the estimate had been made including this arrangement, and the 
contract signed in accordance with it. Immediately after the sign- 
ing of the contract, however, the rector of the church had repre- 
sented to the architect the inconvenience which would be caused by 
the row of pillars through the middle of a room devoted to so many 
uses, and had engaged him to reduce the supports to a single central 
column, strengthening the girders sulTiciently to compensate for the 
increase in their length. As time pressed, the architect had hastily 
erased two of tlie columns from the tracing of the basement plan sent 
to the contractor for commencing operations, leaving only the single 
centKil one, fearing that any delay might cause useless foundations to 
be put in for the pillars first shown, and intending to arrange for the 
substitution of iron beams, or girders strengthened in some other 
way, for those specified ; but this had 8lip])ed his mind until he re- 
ceived our letter. As a considerable saving in cost was effected by 
omitting the two iron columns, a corresponding allowance would 
have to be made from the contr<act price, to be offset against the ex- 
tra cost of strengthening the girders. Just how this should be 
effected he did not wish to dictate positively. His own idea had 
been to substitute two rolled-iron beams, placed side by side 
and bolted together, for each of the wooden girders, but this would 
be expensive, and although he was not restricted as to the cost of 
making the change desired by the rector, he would like to save the 
church all needless expense, and if we could devise any cheaper 
mode of trussing the present girders, or otherwise supporting the 
floor, he would leave the matter wholly to our judgment, in which 
he had great confidence. The girders, he would remind us, were in- 
tended in any case to be plastered over. ^ 

* The writer feels as if he owed an apology to his imaginary architect for exhib- 
iting blm AB frailty of so many mistakes and oversights, but he is anxious to ira- 
prevs apon the minds of his readers the lesson that an efficient superintendent 
should be able to criticise and correct in good time, if necessary, the woric of the 
architect, and to act in his stead upon occasion. His ability to do so will not be 
likely to roake him orer-forward in thrusting himself into the other's place, 
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In accorilance with the ingtnicttons contaia'ed in the letter, wc 
act ourselves to ilCTise, if possible, &n inexpcniivc mode of Irus^n^ 
llie girders to which it rclalcs, and thereby fulfil the architect's 
wishes by saving the cost of iron beams. Some further calculations 
will be necessary to test the expedients which occur to us. The 
present girders iiave buen proved to possess only about one-Fourth 
the rciiuisitc strength. The most nntural way to increase this wouM 
be to aild other tiail>ers beside the original one*, [f four gtnlers 
of equal size willi the one we iiave wcro jilaccd eiilc by side, and all 
bolted together, so that any burden on one would be resisted by tlio 
combined strength of the four, the problem would be solved, but in 
a very awkward manner, since the cap of the single column would 
have to bo dangerously extencled in order to support the ends of all 
the girders. 

Perhaps this might be obviated in another way. Recurring to 
the formula for transverse strength of beams, we notice that while 
the resistance increases direetlg as the breadth of the timber, it is 
augmciiteil in proportion to the sqaart of its depth, so that although 
a nnglo beam of four times the strength of one girder, and of the 
nme depth, would need to be four times as broail, a beam equally 
(trong would be formecl by a timber of the same breadth, but of 
only twice the depth. As our present girder is 8 inches broad by 
12 inches deep, a stick 9 inches by 24 wouhl just meet our wants. 

Unfortnnately, it is impracticable to procure I>eani9 of sueli di- 
mension?, and we must try some other expedient. It would be of 
no avail to put a Kcond 3x12 girder below the first ; each of tliem 
would bend independently of the other, and timir united strength 
would be that of two beams only, instead of four. 

Iron might be employed for strengthening the wooden sticks. A 
strip of boiler plate, IS inches wide and lialf an inch thick, might 
bo bolted on each side of the present girder, strengthening it pei^ 
baps sullieiently; or rods might be used to form a "bellj-.truss" 

wbllB It nmy mve ILe Ihmbt Inflnite troaWo anit umletj. For tlits reajoc tha 
vrlter n>|>reHnl« liit iiri^liilMt lu neglectful and Ignonint, solelr for Itie snke of 
•UDn-Ing ihe VH3 In wblcb [be good >u perl ntendsnt can bring hlni out of bli er- 



I (Fig. 6S), tlio.RUengtli of which 
I wlildi cotil'l be given lo it. 
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[i] depcarl uiaiiily on the ikplh 



. Tlita wmild, however, cause an uneigrhtly projet'tion into IJig roomi ^ 
vbM) mttM bn ficrred ororto conceal it. anil the Irussins, tlioiigll I 
'vbespCT ihan ibo lUlch-plntes, would itill be aomawbiit raslly. 
Bi^wlio^ upail_nU these devices, it iMS!urs to us timt if n «ec 
bttm *liiil1ar to iho prudent one could be placed Ivlow it 
liltmni^jr cocmcclci) witb it, mi as to coniititute pructlcall)' ono limber, i 
f lbs i]««red result would be nttMined in > form exlrcncl/ compact I 
KBil eimple. Turninj lo some text-booka which we have brought ' 
wjlh u». »6 learn tliat tliia o»n lo a limited extent bo aceompli»Iicd 
I by boiling or gtrappins the two pieces together, and either Indenting 
D Into uarli oilier as la Fi;j. M, or noteliing them' and inserting 
hard^trcioil kcr), aM in Fig. t>5, (he *olo object of the inilenlalioos or 
k«f* being to prevent tile clipping of ttie contiguous Biirfaoea of tli* 
tHtflms upon encli otlier. co that in order to bend, tlie tcliole of tli4 
I tcwcr p»rt of llie coinpouml Iieam niiivt be sirctetied, and the whole 
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I of llie iipp<T part compresjud. just as if the lieam were i 

<a (Fig. GG), inatend of the upper and lower linlves of ench alick \ 
\ niideT]p>ing their own acparate comproNiun and exlcntlon, a 

Fig. IT, whirl) «ho«a tho action under itress of beams superpoaeil, ' 
' but not keved togpthor. 

Tlio book* Inform nn that eompound beams so keyed to^^tlici 
' tightly boliod nro oenrly oqiial in strength to a solid iti-'k of the xams | 
I dfanmrioRo. bcarinf in mind ttiat the depth of the indents or n 
[ tor key* must be dalucieil from Die total depili of tlie two timbetl 
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in orJcr to oblain the effective dcptli wliicli cnn alone be useU as a 
factor in c.ilculating the strengtli. 

Tliig expedient may furnisb iis with a resource, but wo Und on 
careful study tbat if eight keys were used, which would be a sufG- 
cient number, the depth of each would hnve to be within a small 
fraction o( four incbe?, two inches being cut out of each timber ; 
and in order to obtain a not depth of 24 inches, wliieh is what calcu- 
lation sboira to bo necessary for the strength which we reqtnre, tiie 



^£3333:^ 




aggregate depth of the two slicks before cutting must be 9S inche?. 
Heuce, as the one already in is 12 inclies deep, the other must be 
16 inches. A IG-ineU Georgia-pine timber happens in this place to 
be difficult to obttun, tlie iitoek cizes running only to 14 inches; 
to, after considering this objection, we are induced to search for 
some still further means of so combining the two beams as to secure 
the whole substance of the lower one for resisting tension, and of 
tlio upper one to resist compression, the essential rcjuisile for 
enabling the compound girder to act as a single limber. 

Calling lo mind tlie construction of certain bridge trusses, in 
which ibe upper chord is brought completely into compression and 
the lower one into tension by means of inclined struts, which resolve 
tlie downward pressure upon them into a push with their heads in 
one direction, and witli their feet in the opposite diretlion, and be- 
ing arranged so that half of them point one way and half of iheni 
the other, mutually act to compress the upper and to Etrclch the 
lower chord with their united force (Fig. 68), we reflect that if 
similar means could be applied to two sujierposed beams, the result 
might be just what we desire. 



Ttie action of the oblique struts ia tlie bri'lge can be applied to. J 
tbc compound boaiQ in the aimplust posaibic way b/ nailing ubIiqiM i 
o( board drnil/ to the (iiubers, reversing them on opposiu 
m imitulion of Uns reversed ttruts in tbc br.dge truss (Fig, Gfl). 
M) Umrds oru Ij inches tlu<.'k, thuir utiitod strength will be 
a timt of eitbur of the beauiH, anil i( nell iiailvd, bo as not 
t ihe lower beam will be tura npart before they nill yiuid. 




(, if long enough to penetrate three Indies or more 
■i can only give way by shearing, wliith would require a foro 
t Uiao would be ncecsRnry to break a solid beam. 
pb of ft girder buQt up in tliis way will not be aSccteil b 
•lurinknge, ifhicU toon cniiwa more or less deflection in those i^ 
ilMieil or keyed together ; for its resistance is maintained by tbtl 
board atrnln, which art only in the direction of their length ; au^^ 
imriaLIe whali-ver may be the lateral Ehrinkag 




At a eompouad beiun of this «ort is a novelty it 
do not Tttntum, aUhciu;;h the theory appears satisfactory, to apply it 
Id the ImporLMt cmq l>cfnrc us without legating it by models. Two 
or tlirce of tlieso are ([uickiy made, at onc-ci;;bth the siie of the real 
r, ilw two (tick) which we propose to combine Into one bving 
•cewslel/ oat out of Gi-orgia pine, tiiwb 1 inch wide by 1} iochej 
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deep. At the same scale with the other dimensions, the len^h, 
to represent the lengtli of the real girder, would be about 2^ 
feet, but if our theory is correct, even the small model, if cut so 
short as this, would require a distributed load of nearly 4,000 
pounds, or a centre load of about 2,000, to break it. We can, how- 
ever, reduce the transverse strength by adding to the length, and if 
this is made 10 feet, or four times that first proposed, the centre break- 
ing weight will be approximately 600 pounds, — ^ of the first result. 
This is quite witliin our reach, and we cut off the sticks at 11 feet 
length, set them one above the other, and put on each side slips of any 
wood at hand, a little more than ^ inch tliick, set at an angle of 45^ 
with the top of the beam, and nailed with small brads, about | inch 
long, three in each end of each piece. These very well represent 
the spikes to be used in the real beam. 

Setting up two trestles, with triangular pieces put on top so as 
to give supports exactly ten feet apart, we hang a " scale," or platr 
form suspended by ropes, which is used to hoist bricks or other ma- 
terials to the centre of the model beam, first weighing it accurately. 
Before going farther, posts must bo set up in pairs, enclosing the 
model beam between them with just enough room to allow it to deflect 
freely. This is to prevent the beam from turning over on its side, 
which so small a stick is liable to do under a centre load. Then 
bricks are piled on the scale, weighing each one before adding it. 

The centre breaking load of a solid Georgia-pine beam 1 inch 
wide, 3 inches deep, and 10 feet long, is 495 pounds : that of two 
sticks each 1 by 1 J inches, by 10 feet, superposed, but not connected, 
would be 24 7 J pounds. The strength of our model cannot possibly 
exceed the former, but should, if our reasoning is correct, approach 
it. As the weights are placed one by one in the scale, we add up the 
total load, and experience a lively interest as the stress upon the 
beam begins to approach four hundred and fifty pounds, without any 
sign of giving way. The deflection is considerable, and the model 
is evidently under severe strain, so, to avoid the shock caused by the 
placing of a brick on the pile, we increase the load more gently by 
pouring on weighed portions of sand. Four hundred an<l fifty pounds 
are passed ; then four hundred and sixty ; and little by little the 
weight approaches four hundred and seventy. Just as this point is 
reached, a warning crack is heard, and we stop ; but nothing fur* 
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Uiw fullowa ; we recommence pouring, bui before anotlior pound t 
tMMcd, the beam yields, letting the stale dro]i Euildenl}'> and c 
ainlMtloQ ili« lower stick of the comblnatioa is found to be lor 
uaniler. Ho change whatever ii observed in the boanl sti'u 

Tha aecond model breaks at {our liuDdred nnd sevcnl/ pouruls, a 
k third Bt four hundred and Ecrenty and a linlf. Comparing tlii-if 
wUb llus calculated sirengtli oC a toliil beam, wo find iliat thn giriluf 
built np by our Eiropio mt.'ihud proves to possess a strength about ciiuH 
to niuety-live per cent of that of a solid beam of the same bn^adth ui 
il«|ith; a result superior to tiuit obtained by indeniatiuns, or keyd 
kill) bolts or strape, and at a fraction of the expense. The carped 
tcr, wlio hai] viewed our preparations with an ill-concealed » 
** them little slivers," is profoundly impressed at the resistance wliiufi 
tbc vtendcr model di«p1ays, and respectfully listens to our direction^ 
«• to the muilt! of trussing (he larger timber). A very simple calci^ 
fauuraonly is nevdcd to show that it ilie strength of one 8" x 12" girdef" 
ol tli« given length is sufficient to carry safely 21,478 pounds, aj 
(trCTiously ascvrtalned, a solid beam of e^iual nidtli, but twice the 
dtplbi would carry four limes as muuh, namely, B5,9I3 pouiiJs, and 
llwl if for the eolid beam of 8 by 24 inches a compound girder nere 
•nlMlJtutGd, built up of two superposed S by 12 sticks in such a man- 
B>r that it possessed ninely-livc jKt cent of tbc strength of a solid 
Ijcam, this built-up girder will tuitain safely SI.6IG pounds. As the 
kMWl upon «ur Qour with 130 possible pounds of humanity per square 
toot added, and inchiding the weight both of the girder now in place, 
and the new one added beneath it, will be but about T9,S0O poundj| 
Iht* construction gives us assurance of success, and we hasten t< 
U into execution. Since tlie compound beam thus mode forma virtnultjj 
a lattice truss of which the upjicr and lower cliords are in contaot, Iw 
(trrngih, like tJiat of all trusses, could be increased by teparnting tbo 
IwaniB, ro as to make the depth of the truss greater, and in this case 
lite Hide struts should be stronger in proportion lo the longitudinal 
timber*. Our girder is, however, strong cnoni^h, and more compact 
tlioo a lru«s. It is quite important to gain nil the room possible be^ J 
BHath the girder, Ai wtdl as to haru it rest pro|)«rly on the cap of th»f 
cotonin, so we will, after shoring up tlie ends of the beams t 
((tie, cut off the |i(irtloa which overlaps the girder, and after ihii 
baa betm ralnforocd with the second stick, and the boards di ' 
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the compound beam can be pushed up between the ends of the joists 
flush with their top, and these will then, instead of resting directly 
on the girder, be supported by strips of wood 2" x 4", spiked to the 
girder on each side over the board struts. 

Having made careful notes of the quantity of extra timber used 
for the new trussed beams, and of the time occupied in cutting out, 
making over and replacing the work, in order to adjust the cost sub- 
sequently, we turn to look at the lining wall of the room, which is 
being built up inside the stone-work. As this wall is to be plastered, 
care must bo taken not to '' strike " the mortar joints off Hush with 
the surface of the brickwork, thus taking away the projections 
needed for the plaster to cling to. The common way of reserving a 
proper " key " is to leave the mortar irregularly projecting, as it is 
squeezed out of the joints when the bricks are hammered into place 
with the trowel ; but many builders find that the annoyance caused 
by the occasional projection of the dried mortar beyond the line of 
the plastering is so great that they prefer to lay the horizontal joints 
full of mortar, striking them off smooth, but to lay the vertical joints 
" slack," that is, only partly filled with mortar, so as to leave cavities 
into which the piaster can penetrate and obtain a firm hold. 

The lining wall is often built before laying the floor-beams, which 
rest on this, and not on the main mass of masonry ; but, although a 
four-inch brick wall, well tied to a thicker one behind it, possesses 
surprising strength, the unusual weight of the tiled chancel floor 
makes it desirable to support the beams which are to carry it on the 
heavy outside wall. In the tower vestibule, however, there is no ob- 
jection to resting the timber ceiling on the lining wall, which, being 
of face-brick, will not be built until near the completion of the struct- 
ure, to avoid marring it. 

The piers arc next inspected, and prove this time to be well built, 
of bricks properly soaked in water, and laid with cement mortar. 
One or two are crooked or out of plumb, and we order them to be 
taken down and rebuilt; and in a few instances chips of wood have 
been used as wedges between the top of the piers and the girders, 
which, as they would soon shrink and allow the floor to shake, we 
have replaced with stone chips or slate and cement. 

The church at our next visit is a maze of scaffolding, put up for 
the use of the plasterers, and furring is rapidly going on. The up- 
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lit iho walls ore nil in place, and spiked as 
iQABonry. Some builders rake out a. joint, and drira 
JD a wcilgc-sbapod pi«cii of 
wood for nailing liie fur- 
rings to, anil utlicra bii 
"wood brickB,'''>''»ln>''l b 
of joist, at intervals intotM 
wallg.for Uisaame piirpoMJfl 
but sucb pieces are very a] 
to shrink bo mui'b as to 
conie loose, while the drii 
of wcdgea may endanger 
etabilily of tfao wait, to that 
the practice of driving the 
Rpilces directly mto the mor- 
tar is generally preferable. 
Very rarely the joints are 
raked out and ilips of lend 
laid in, the spikes being liri' 
en between these, but t 
Ac all events, it is desirable a 
59 by angular bridging (Fig. 
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which can at all times be felt rushing up through them, and a small 
fire originating in the basement of such a building usually breaks out 
immediately in the roof, where it is uncontrollable. The means for 
preventing this, and confining an accidental fire within the limits 
where it can be reached and extinguished, are extremely simple : a 
single row of bricks laid in coarse mortar on the floor between the 
furrins; studs will cut off the communication between the cellar and 
the space behind the plastering, so that a fire catching in the base- 
ment from spontaneous combustion of coal, proximity of smoke-flues 
or furnace-pipes to wood-work, or any other cause, is compelled, for 
want of access to the concealed passages behind the furrings, to burn 
through into tlie room, where it may blaze for hours without doing 
much harm, and is easily quenched with a few pails of water. Two 
rows of bricks are still better than one, and the only precaution to 
be observed is to fill up the whole space from the stone wall to the 
inside finish, — wainscoting, sheathing, plaster or base-board, — with 
the mass, so as to leave no openings. If a second barrier of coarse 
mortar and chips is laid on top of the bridging (Fig. 71) all around 
the building, it will be doubly protected, and its destruction by fire 
will be rendered slow and difficult. 

While the furring is going on, the plastering mortar should be 
mixed, and the door and window frames set. In brick buildings the 
latter are usually set in place at the beginning, and the walls built 
around them, and this is sometimes done in stone structures, but not 
by the best builders, as it is diflicult to keep the frames from being 
knocked slightly out of shape by the setting of the heavy stones 
against them ; and by laying the stone-work separately, with plumb 
rule and level, and afterwards trimming it, a much smoother and 
straighter surface is obtained, against which the frame can be fitted 
weather-tight, without the unreliable and often unsightly pointing 
from behind with mortar which the other method involves. 

With the best of workmanship, however, crevices are sometimes 
left through which the wind can penetrate, and wherever the wind 
can go, rain and snow will follow, so that a certain amount of pack- 
ing is generally necessary. This can best be done with cotton, driven 
in between the wood and the stone, where it is kept permanently in 
place by its own elasticity, while it checks the current of air very 
effectually. 
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Tlie [ilaBlering Is briefly' apecilied lo be the best threc<03t 
Bsiid finieli^ tbroaglioaL At least as eoon aa the furring is I 
the «ii|ieriiitcaUont should tee that the materials are at hand 
Biakinz moruir enough for the irholo of the plastering. By i 
loeting that one hundred square yarda of three-coat plastorin; 
i^uirc tbrco caska of lime, three one-horse loads of sand, cue snd a 
luilf husbclt of bair, and about two thousand lathe, the total quan- 
tity needed of eic^U is eosilj- reckoned. A ploee ahould then hv pre- 
p«rud without delay, where the whole uines re^juiaite for the first, or 
■craii:h< oont can Iih mixed and allowed to coot for a week before any 
of it is put on ilie walls. In this way ooly can we guard against the 
occurrence of particles of unslaked or partUlly slaked lime in the 
BorUr, which will continue to absorb moisture after being spread on 
the latht, ami perhaps months later will cause amall cracks or blis- 
teTK, or throw off little chips from tlie plastering, disGguriag it very 
BUich whun it is too lato to remedy the evil. 

In r«ganl to ilie manner of mixing, the practice varies. Occa 
rionklly a roaaon is found who Is willing to alake the liine by itseUi 
U)d leave the paste for several days or weeks, — a year, even, in some 
GtMs, — duriog which it becomes somewhat more firm, and acquirev 
a beautifully smooth, " fat " quality, something like cream cheese. 
Tills heap of paste is drawn upon as wanted, and mixed with tlia 
proper proportion of sand and linlr, then put immeiliatcly 
walli. The diiadvantagca of Ibis process are the ilHScult)* of dis- 
tributing the hair evenly through the stiffened paste without the 
help of waivT to looaen the tufts, and the Increased labor required 
for workio'^ tbe tuorlar. The advantages are tlie perfet^t hydration 
a( the lime, by whicli chip^rocks and blisters ore wholly avoided, 
the «mooihiir*a ami hardness of the finisb&I pinnlering, and 
^at«r tenacity, nince the hair, not buing added until the lime is c 
retains its full Btrengtb, iosteaU of being burned and corroded b} 
iiMpIng In the hot, caustic mixture which is tho Rrst result of sli 
ln&. Kew builders, howoveri arc dii<|H>scd to proceed in a 
eonvcniunt lu ihem, and ouDl«nt themselves with spreading out the 
linii^, [Hiuriii;; on water from a host', and after a little stirring adding 
thu iiatr, which is mUeil Into the atcamini; liquid, and tlie sand Iia- 
mediately thrown over It, incorporated as w<dl aa may be, and the 
wboU low* piled up (or use. Tbe hair in this case deteriorates 
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fast as the lime improves, and a season of cooling which would be 
very beneficial to the latter ingredient will nearly destroy the 
former, so that a course must needs be taken midway between the two 
extremes. 

AVhatever mode is adopted, a clean floor of planks must be laid, 
with sides a foot high or more, to keep dirt from being mixed with 
the mortar. There is a process, said to be in vogue in certain coun- 
try districts, of slaking the lime upon tlie ground, and then hoeing 
up grass, roots, soil and lime into a viscid mess, which is spread upon 
the laths, where it stays long enough for the mason to get liis pay ; 
but such methods of construction are not within the scope of this 
work. 

It is not always easy to tell by the appearance of a heap of plas- 
tering mortar whether the lime, sand and hair are of good quality 
and in suitable proportion. If properly mixed, which will be shown 
by the absence of streaks in the mass, a small quantity of the mor- 
tar should be taken up on a trowel, slate or piece of board. If it 
hangs down from the edge without dropping off, the quantity of hair 
is sufficient ; or, if it is practicable to see the mixture made, one 
bushel of hair to each cask of lime in the first coat will be the proper 
proportion. The quality of the hair can be tested in the same way. 
Long ox-hair is perhaps the best. It is strong, and the fibres an 
inch or more in length. Goat's-hair is longer, but not so strong, and 
short cattle and horse hair is of the least value. On drying a small 
quantity of mortar, an excess of sand will be shown by its being 
easily rubbed away with the fingers. The quality of the lime is best 
tested by observing the slaking. For plastering, lump-lime only is 
used in ordinary cases, and it should slake energetically and fall into 
a smooth paste, without any refractory lumps or particles of " core." 
If such are found, all the casks of that brand should be rejected. 

Before lathing, grounds must be put on wherever necessary. 
These are strips of wood planed carefully to a uniform thickness, 
seven-eighths of an inch or more where the plastering is to be three- 
coat, or three-fourths for ordinary two-coat work, secured to the fur- 
rings in such a way as to give convenient nailings for the subsequent 
finishings ; one row, for instance, being set an inch or so below the 
top of the future base-board, two or three in the height of a wain- 
scoting, a border around jeach door and window, and so on. Being 
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ot eqtial UiicknoM, Mid usually straightened nilh the Itraiglit- 
and plumb riil« to correct any irregularity in tlio furrings or 
tbey Aflunl guiilea fur bringing tlio plaster to an cvca sv 
Fiirtltpr -^iles aru (onuiAt by tha nuglc-biiiids, or groiinda of 
tluipei, wliicb an wctired to tbe cornt^rs of tbu viuWt before laibi 

The cuBloms of Jifferent localilios vary 
in this point, and the suijcriniendcnt 
-will probably tx: asked to decide od 
pome particular mode, if tbe spi-- 
lion gives no definite instruct iuna> 
In tlin Eastern States, nlicre 
are almost inTat-ial)ly papered or 
rated as soon as linislied, it ia usual to 
nail to tbc studs at llie angles a mould- 
ing in section like Fig. 7S or 73. Tliis 
serves at a guide for pulling on tbe 
mortar, and wben the plastering is com- 
plctod gives a finish to the corner nhich 
is not readily broken or scratched, and 
is easy to cover with paint or paper to 
good effect. In New York and oilier 
places where a pure wliilu hard-fia- 
iehcd surface ia or lias bvc-n faslilan- 
able, it is customary to turn the corners 
by means of a " rule-joint," worked in 
tliu plaeli-ring itself, and consisting of a 
vertical souii-crlindrical moulding sonie 
tkrce-fourilis of an inch in radius, trbii'h 
■tops against a bevelled surface a little 
below the ccrnicQ and above the bHEe> 
board or wainscot (T'ig. 14). 
These mle-joiuts are beautifully ex- 
I ccuted hy the best plaslerera, but llicy 

fi*- '*. cause a raliiur awkward succession ut 

breaks in the vertical lino of the angle, 
doee till) pUiitur must bo fully brought ont to iliu corner above 
twlaw all muiildingt, as othonrisc a troublesome horizontal snr 
voaU bt left (Fig. 7S), which with the small wc^odon anglu-baail 
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Dot noticeable ; and they are liable to scratches and abrasion during 
the progress of the work and afterwards. This risk of abrasion is 
with plaster angles a serious matter, and the difficulty of the common 
rule-joint is sometimes overcome by squaring out the plaster to the 
edge, and subsequently putting on a wooden saddle-moulding (ITig. 76) 
cut out of a solid piece, but this device has little to recommend it 
For so large a building as a church, the rule-joints have a massive 
look which is pleasing, so we choose this method of finishing the cor- 
ners, and leave the lathers to their task, first enjoining upon them to 
set the laths at least throe-eighths of an inch apart, and to break joint 
every six courses. 

The weather having now settled to steady cold, it will be necessary 
to heat the building by artificial means, to prevent the plaster from 
freezing, which will disintegrate it and cause it to crumble and fall 
off the laths. Some supervision should be exercised over the stoves 
or furnaces employed for the purpose, as workmen are incredibly 
careless and indifferent about the dangers to which they expose the 
property of other people. The windows must be well closed with 
boards, and temporary windows inserted. 
After the first, or scratch, coat is partly 
on, the superintendent should endeavor to 
look behind the laths, to see if it has been 

well trowelled, so as to 

press the mortar through 

the openings and cause it 

to bend over by its own 

weight, forming a hook by 

which the plaster is held 

to the laths. As this 

is the only way in which 

the whole substance of the 

plastering can be kept on 

the walls, it is very neces- 
sary that ceilings should 

clinch well over every lath, 

and walls over every sec- 
ond or third lath. The 
•cratching should be thoroughly done, as it affords the key for the 
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weoDd coAt, sdU liiore should be no appearaaco of tufu of hair, wliich 
■oulil (how tli&t die mortar liad cot been ihoroughly piUeU. 

C«re iboitld l>e taken to see wlicdier the specilicatioii directs tliat 
die pUitcring shall be carried to llie floor cverj'ivbcre, or oni)' to tbe 

fl h su habitual with builden to jikfter only tii the grounds liiat 
ih«y frOqueotly overlook Uie Uirecliona which require a better mode. 
Of Miirw It i» unuuoessary to carry tlic hard-Gniah bcliijiil the wood- 
wurk, but the first tirii ciints should Ita required, if any plaateriDg iu 
tliat poMtioii is specitiud. 

By the second, or brown, coat, nil the surfaces niuBt be brought to a 
true pUiM, tlie uigica made straight, tlie wuUs plumb and tliu ceil- 
ings lavd, Kince no tiftuctuul i:arro(;tionii cao be made afterwards. 
*i'li6 walUjiaccB in iho interior of the church are so broken that no 
great c&ru is rut^uirtHl to obtain a true surface, and wo may content 
OimeNes wltli » close examination of each, to dutect irrcgularitici', 
and tufts of hair, wliiuh will make unsightly spots in thu finished 
mirk. The brown coating must on no account be allowed to begin 
until the lirst coat U thumughly dry. ilea accustomed to two-coat 
work, in which the first coal is often only superficially hardened 
trhcn the second is put on, frequiinlly Ireat three-coat work in the sanie 
manner, thereby wi^aki'ning or sometimes ruining the whole. If part 
of the walls are to be plastered on brickwork, and others on laths, 
Uiu Kiratuh t^uut is put only on tlio klhs, and when this is dry, the 
brown coat is spread over the uthulc) including the brickwork. 

After tlie brown coat is dry and hard, the rule-joints at the angles 
■liooltl brut be made, and thu hard-finish tbun applied. This, insluad 
of being mixcil witli lilUe or no sand, and with a portion of planter uf 
Pnrb, OS would be pmpcr for a smooth lurface, should for out' j>Nrpo»e 
oontain a large proportion of rather coarse sand, sifted so as to bo 
mufnrm in grain, and little or no plaster of Paris, whieli woulc] sot 
•b <{uickly as to hinder the thorough rubbing witli the float which 
Is necessary to bring the sand evenly to the surface. 

The plastering once dry, the wood fuiishing can proceed without 
hlnilrincn. The luporlnienilent must hcucefortli devote himself 
Micntioutly to the stuily of tlie detail drawings as they ar 
Uiu ari-hitRct's oilier, and endeavor to torcslall any slight m 
tuitfitu, which arc sure to happen through the unavoidable 
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oE the finished work from the exact dimeasioas shown on thu jilnns. 
If a panelled wainscot is shoivn, he sliould measure on tlie spot tlie 
lengths oE the various portions of wall to which it is to he applied, 
and compare them with the drawing?, epacing off the panels as nliovrn 
in the details, so that iberc may be no awkward want of continuity, 
or disproportionate members at the angles. The stock for the wood- 
work must also be looked after. A load of bard-wood lumber inev- 
itably contains a large percentage of worm-eaten, stained or other- 
wise defective pieces, which must have the defects eut out in work- 
ing them up, and a sharp eye is needed to see that this is done, — 
that a piece of black walnut streaked with white sap is not pn[ into 
an outrof-tbc-way panel, or a knot cut out and a patch inserted in 
another place, where it maybe unobserved while fresh from the 
sand-paper, but will grow more conspicuous afterwards. Any eare, 
lessness or want of decision on the part of the superintendent is npt 
to be taken advantage of. 

Generally, where the floors are double, nil bases and wainscot- 
ings and other " standing finish " are put on before the upper board- 
ing is laid. In this way the base-boards, which extend half an inch 
or more below the surface of tlie upper boanling, wbicb is laid up 
against tbem, can slirink, as thfy are certain to do more or Ics, 
without opening a crack between them and tlie floor, and no care is 
needed in fitting them to the Huor (Fig. 77), while with a single floor- 
ing it is customary either to " scribe" the base to the boards, so ns 
to fit minutely all their 
irregularities, wliioh an- 
a well enough urtil 
the shrinkage of base 
and floor-beams clraws 
them apart; or to plough 
e base laboriously into 
'''«•■ "■ '"■ tlie floor (Fig. 78)! In 

our building we follow the former course in all parts except the 
chancel, whose tiled surface cannot well be fitted against the wood- 
work. As tiles and marble are easily injured by tlie operations of 
workmen, we will wait as long as possible before undertaking this 
portion, carrying the nave nearly to completion before touching thn 
chuicel at all. 
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^Vlipn all the wood-work in tlia nave is fiaished except laying tliCV 
upper Door, the nuirble steps &t the chancel entrance mav bo setfl 
apun thi! brick wnll built up to receive tliciu- 

Thc jQxin-g »upertatendent should be familiar, from observaiionl 
and cum pari SOD At eome good narblc-worker'?, with the appear 
ADceit whicli cliarturterixe the iliflereut qualities of marble : 
waj only eon ho judge with certainty whether the proper kind a 
BuUcriol IB furnished. Often pieces of marble whot« sppearanco ll 
injuTinl by obtruaire spots or streaks are sent instead of the beifel 
qnolily, under the pretext that tlii-re is nothing better, and s 
lime* even a ootirse, soft Vermont niurble, streaked with a blue t 
wliAt reseiubliug the Italian, ia puluied off on a eontractor in ] 
of U, but ilic inferior kind oan easily be ditlinguished by its coarsa 
grain, and the yellowiab cost of tbc while portions. 

As soon OS Uie steps are uccuratcly act, they shouUI be protect« 
with boards, and tbc laying o( tbo tiles may begin. For convcnieacq 
in ImilduiSi iiti nnder floor has beun laiil over the chancel, a 
KS tlio nave and aisles, and this rough llooring should now be lakei 
up) uwed into sliort pieces bo m to di between the beams, and tboa 
pieces laid in, on strips pj'eviuunly nujled to the etdes of the lieams. 
Tlio bui't, find the only durable, way of laying encanstic tiles oi 
floor framed with wooilcn beains is to make ilie foundation for tlicmoC I 
bricki wt edgeways on the abort jiicces of board between the beams, 
but to save material tbc bricks nre sonictinies laid flat, though the 
result U much inferior. In our case the proper mode is specified, 
uu) it 19 only occeesary for us to moke sure tliat tho strips or " Ill- 
lets " are nailoit oii at the propiT diatunco from the top of the beam% 
K naiit^r alxiut which workmen are xcry careless. 
Ttie tiles uro from } Iti g of an inch tliick, and to ensure a oontin- 
f iwu but thin bod of cement between tbam and the brick, the top of 
the lollvr should bo J^ of an inch below iho line of the Gnisliud floor. 
Th* brick to be used may raoasure from 3 to 4j inches in width, ac- 
cordinj; to locality, so we try those on tlie ground, and find tliem to 
vary from ilj to 3| inches. The maximum width must be taken, 
wbieb added to tbc { of an inch for tiles and cement gives 4} Inches 
dcpUl from tliR flnishod floor to the boarding, or, as tbo boarding if ~ 
ofui inch thick, Ji J inches from tbufinlibedfluorto tlioiopof tbclil 
The b«ams shoald itnnd in the some relation to tbo Uling as tl 
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irould to a noodcD floor oF Joublc boarilinn;, in order U> kvtud a diju^ 
grce&Lle bmak between the cliancel floor aoil chiit of the adjacent 
rubing-room, and as eAck portion of the doubta flooring is J of an 
ineb thick, tJiu whole distance from the riaislicd floor la lUe beams 
will be 1| indies, wliich being deducted from Uio dintanec laet found 
wiilgive 3 J inche* as the jjroper gaugu [rom llio top of the beams to 
tliu lop of llie lUlei. A tlioruiigli understanding of thti matter v!l1 
save much Bubsajuenl annoyance and expcnao in cutting off brick 
which are too Li^li, or concreting up from A surface Ml too low. 

It is better and mitcli more economical to liave lilee laid by die 
parties who furnish Cliero, and contracCe are generally made (or the 
floor complete, but cases may occar where the local masons will be 
called upon to do the work. In sueli cases the brick surface mii't 
be swept clean and thoroughly wel, and the tiles must be soalcod in 
water for some time before tbey are used. Without these precau- 
tions, either the brick or the tile will absorb water from the thin 
layer of cement between ibem, making it powdery and uscleas, Tlio 
best Portland cement only is suitable for use — the American brnnde, 
if fresh, being (|nite equal to most of the English as generally found 
in our markets — and is to be mixed rattier thin, without any addition 
of sand. The pattern must be commcnceiiyrcHn Iht eenire, which is 
to ba very exactly astH.-rtnined by previou* measurement, and strnlght- 
edged strips of board should be put down as guides for each day's 
work, not only For regulating the lines of the pattern, but also for 
securing a uniform surface, which Is done by first levelling them 
carefully, and setting the tiles by means of a straight-edge resting 
on the strips. Eacii tile is set in a bed of cement s[iread for it. and 
beaten down to the proper point wiih the wooden hnndle of lite 
trowel. After a sufficient number hare been laid, the joints may be 
groutvd with liquid cement, which must, howeror, he immediately 
wiped off the surface of the tiles, since it is diflicult to remote it 
when dry. 

If the cement is good, tlie tiles cannot, after a few dnys, be re- 
moved withont breaking, so that too much cnro cannot be exercised 
" 1 properly at first. When Ilie pattern r 



edge it is 1 



iially 



t many of the ti!e^ This can ba 



done by soaking thorn well in wnier, and then scoring a line with n 
sharp cliisel where ibo separation is to be made; then placing tlia 
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didnei exactly on the line, a sharp hlow will divide the tile neatly. 
Wide chisels should be used, and unless the tile is well soaked, it is 
apt to fly into fragments. 

After the floor is done, it is covered with sawdust an inch or two 
deep, and planks laid over it to walk on. The base-boards and wain- 
looting are then fitted down upon it. The marble tiling is laid in the 
Mune way, on bricks set on edge, but the marble is thicker, usually 
varying from seven-eighths to one and a quarter inches, the under 
tide being quite rough ; and the fillets should be set accordingly. 
The laying is much easier than that of clay tiles, and mortar of 
cement, lime and sand in equal parts may be used. 






Hg. 79. Fig. 80. F\i. 81. 

By the time our building has reached this point, spring has ad- 
ranced, and the warm, moist days of May present the best possible 
opportunity for pointing and cleaning down the exterior of the 
stone-work. The brownstone ashlar will look best if pointed with 
mortar of nearly the same color as the stone, wliich can be made by 
mixing burnt umber with the cement used. The best Portland cem- 
ent is preferable to any other, and is to be thoroughly mixed with an 
ecjual bulk of sand, and such coloring matter as may be required, 
but with only just water enough to give the compound a mealy con- 
sistency. The old mortar is raked out of the joints to a depth of 
an inch, or if, as is likely, that in the upper part is found to be frozen 
and powdery for a greater distance inward, it should be completely 
removed as far as the freezing has extended ; then the pointing mor- 
tar is inserted and strongly driven in with a steel jointer or S-shaped 
instrument, rubbing it until the moisture is squeezed out upon the 
surface. The tool is formed to mould the edge of the joint in various 
ways as it is rubbed. The most durable form is the hollow (Fig. 79), 



106 BUILDIKO SnPEI{U«T£NDEKCE. 

but the hnir-rouad (Fig. SO) is otten used, m irell as tbo fillet 
(Fig.61). In the tvo latter tlie mortar is leis tLiorouglilj- com- 
presaeJ, and the projecting part may fall oS. 

Tbe cleaning ilowa u done with muriatic acid and water, applied 
with a vpionge, and followed with pure water. This removes the lime 
stains, and leaves all neat. 

Tbe flubscqueut operations in tbe church, sucb as painting, gkzing, 
and decoration, can beat be studied in connection with other construc- 
tions in which they play a mora important part. 



BUILDING SUPERINTENDENCE. 

CHAPTER II. 

Wooden Dwelling-houses. 

Onu of the most difficult portions of an architect's business is 
precisely that which amateurs usually imagine to be the easiest, — 
the superintendence of the work connected with dwelling-houses. It 
is natural to suppose that an intelligent householder, who has spent 
a large part of his time for years in observing the defects in his own 
habitation, and comparing it with those of his neighbors, would find 
no difliculty in directing the construction of a similar building, but 
experience soon shows that the knowledge which most persons have 
of ihc structures they live in is a very superficial one, consisting in 
the observation of results, rather than of the processes by which the 
results are obtained ; so that the amateur house-builder is apt to find 
himself quite at fault in endeavoring to give the necessary prelimi- 
nary directions for securing the particular objects of strength, dura- 
bility, healthfulness, appearance or finish which he has most at 
heart. Nevertheless, it is often necessary, and always desirable, that 
nnprofessional persons should be able to direct the operations of 
mechanics, and make contracts for various kinds of work, and it^s 
hope<l that the suggestions contained in the following pages, although 
intended primarily for young architects and superintendents, will 
not be found too technical for the ordinarv reader, and that the 
explanations given with regard to the objects which it is desirable to 
seek, and the means by which they can be attained, will be found 
serviceable to the large class of persons who are interested in build- 
ing, cither for themselves or others, as well as to those occupants of 
bouses already built who would be glad to understand more clearly 
the structure of their dwellings, with a view either to the correction 
of defects, or the planning of improvements. 

The point in which amateurs are particulaxly liable to faU is th* 
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diooging of a proper Bite, and as even experienced arcliitecta arc not 
alwaj-s Bucceflstul in tliis reapecl, a fuw direclions in regard to the 
placing of houses upon the ground should not be oioittcd. 

Id all cases it, is essential to dctcrmiQe the position approximately 

before the plans are begun, in order tliat tlic building may be so .ir- 

ranged as to present an agreeable appearance fron, 

"K^iSi':;:' <^ »=i5>.i»™5 ■■■■««'. "»"ri"5 « Ik" »"« ti™ >i.. 

greatest pleasantness of prospect from tlie windows, 
with the most cheerful light and sunshine in the poms, that the sit- 
uation can be made to jrielil. In our climate, the best aspect for the 

windows of llving-rooniE, particularly of bed-chambers, 

ii south or south-east. Snch rooms are warm in nin- 
ter and cool in summer, and cheerful at all seasons. Next to a 
southern exposure, the eastern is the pleasantest, and may be appro- 
priated for dining-rooms, which will thus enjoy the advantage of the 
early morning sunshine, with coolness during the rest of tlie day. 
Between the western and the nortbera aspect there is liltlo to 
choose; the cheerlessness of the one is hardly more objectionable 
than the heat, on summer evenings, of the other, so that these sides 
of a dwelling-house should, as far aa possible, be given up to inferior 
rooms, halls and stairways. Of course, considerations of proepcct 
and position with respect to the approaches must aScct the plan more 
orluss, but the skill of the designer will be shown by tlio success with 
which lie contrives to satisfy all the requirements at the same time. 
Other points will, however, claim the attention of tlic careful archi- 
tect, besides the more obvious ones of situation and exposure, and the 

final staking out of the building should never bo at- 
Oharactsrof tempted until they have been thoroughly considered. 

Foremost among these is the character of the ground, 
— whether wet or dry, springy or well-drained. The only certain 
test of this consists in sinking pits at different places, to the depth 
proposed for the future cellar, or a little below, if the trials are maile 
in tlie dry reason ; but indications may be found in the conformation 
of the surface. Depressions, or level spots hcmmeii in by Icilges of 
rock or elevations, even slight ones, generally retain water near the 
surface. The ridges which enclose the basin may bo at some dis- 
tance, but the effect will be the same. The upper part of hil! slopes, 
tlio, contrary to the conunoo notion, is very apt U> be wet and qpriugi-, 
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n usual precau- 



vliilc roekj rvff 
11 am taken. 
Sucli pri.'cautioni' idioiiUI.IioiTeTer. be tHk«n wherever llwre U i 
loa for tlii^tn. niuce a htuw iritli a w<>t I'eliiir h, to spcnk brklly 
Bt for babitaiiciii. The main ]irinci|il« Iti tie borne 
ploil In OriUuar/ xnU U iltat tha ^unU-water stan 

irljr 4t a level (Fig. 62). vnrying, like ihe title?, witlj tliu PfASon ; 
i llto RDialler elcvalioiia iu ;;rnvelly coil form iskoiU in the 



arountfWaiet, 



rsacim InVe, upon "hicii a tiimse m.iy lie hiiTIt with perfect 
r, while another, a few rnilg ili»tnnt, would have it!< bat>cinent 
itecpixl in moiititre. The existence of gniii nil- water a 
r two bf low tliR ntllitr bottom it of compnralivcly little conse* 
I, proviilod l]utt tliis it wull concreted, and that the water never 
s MBf liigkcr. 

t impor[«nt ekvatioiu geoeritll/ contain a substruirturc of 
t> abuvH H-Iiiob the rain cullectfs nnr] flows down- o«riafm an 
nrolng to ihe slLfface al Intervale In the form of Mlll» 

Ai llio toil ia Jtlwnya thinner nenr tlio tnp of the hill, Tueb 

■re more eommon there, and nre the more annoying because 

ir exi»l4.-nuu afurn cannot be detecieU imlil the progress of the 

>aiioa brings Umin tu Usbt. TbeH.' atrt-'Ama can, however, in or- 

y *oila be intereepivd without niueh dlfficuli]', and their current 

d harmleMly towanl ono *ide; hnt It if nthcrwiH 

irilb rdlart cut Inrock. The*e are almost invAriaht}- 

blf*i(«il wtlk iiaall veins of water, wbich run along tlie seams of the 

Idl^ and collect In the baiin formal by the excavation, soaking 

^rou][Ii the iKiiuuwalli.andsatuhating the concrete floors; andtliec.i- 

'acotl of l(itcrc«piing fuHi veins and of cutting achannvl to convey 

I n proper nuifall li iiiiially very serioii), to that Incatlons 

( tbia kind •hmikl be avoideil; or if that is impo«>ih1e, the level of 

e e«Ilar bnilom *hou1iI tie set *a high that litlio or nn cxcavailoo 

wk irill be nvvde<l, and the downward course tif the water will 

II be isierrupied. This may always be di;>ne, wltbout detriment to 
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tbc appearance of the building, bj' means oF suitable gnuling or ter- 
ritcing. 

Clayey loilB are also unfaTorable. Being impervious, ihcy retain 
the water wbicli may settle inlb the new excavation just outside the 
cellar walls until it finds an escape for itself, vury 
probably inlo the building. Moreover, tliey c.ipand 
greatly in wet seapons, or in frosty weather, to contract again in 
summer; while the tenacity with which frozen clay clings to stone 
or brick work often causes the dislocation or derangement of cellar 
walls and piers. 

Moet house-lots in tlie country or suburban towns offer at least 
some choice of location, and as a few inches diCterenco in llie level 
of tbc cellar bottom, or a few feet difference in the distance of the 
building from a ledge, may be quite sufficient, without special precau- 
tions, to determine the wetness or dryness of the cellar, and therefore 
the healthful neas or unhealthfulnees of tlie bouse, a judicious study 
of the site is of great importance. 

Where the limits or the character of the plot admit of no choice, i^ 
will in very many caaea be necessary to incur extra and unforeseen 
expense in draining the excavation thoroughly. Some of tbc ex- 
pedients to be adopted hare been described in the first part, and 
others will be mentioned below; so that with the help of theee bints 
the architect or private owner will be able to deal with any iliflicul- 
tics which he is likely to meet. 

The house whose construction we have to follow is situated on the 
side of a rather sleep hill, sloping toward the north. The lot on 
DeacMption which the house stands comprises about six acres, and 

o( HouM> iho avenue leading to the building passes for some 
distance through a cutting, seven or eight feet deep. Rocks appear 
above the surface in various portions of the lot, ami several epringp 
ooze tlirough the siilcs of the cutting made for the driveway, indicat- 
ing that the ledge is not far beneath. The house is to be of mod- 
est dimensions, comprising a parlor, dining-room, hall, kitchea, 
staircase-hall and back staircase on the ground floor, and four cham- 
bers, dressing-room and bntli-room on the second story, witli four fin- 
ished attics above. The cellar contains a laundry, furnace-room, 
Tegetablc-cellar, and open place for storage, and a servants' water- 
closet. The hall is finished in oak, with oak floor ; the principal 
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•Ulrcue is of clierry, niiti moLogAny posts aod rail ; the pitrlor is 
finithod !n maple, with piae Ooor, bordered wiiL mnple and clierry 
jian\neirj work ; and Ilia dinln^-rooni is in asli. The kitchen nnd 
laundry are fmiiliud in hnnl pine, with floors of the saoie. 

All the roDnu in the tuconJ story are in whilcwood, except tlio 
bath-room, which, in order lo give a pk-isiLnt lirclinesB of eSiMt, is 
fleitbed with altornutc blai.'k w&lniit nnrl maple. 

Tbo tutlc* are in pine lhroughi»iC. The halt and o 
ronni are to be Gnliiied so ai lo show the nalurai color of tlio w 
iIm! other roomi will bo painted, 

Tbo pbina and ap«vilicatiuns having been cnrerully drawn, t 
Dwner, if unacquainted wiib building mutters, should take puii 
oadersixad ilicm fuUv. Wliito still in Uie areliitect's yy,i ownsr 
hands, he should wltli hi* help uon»ider the various and ^« Pian^ 
poiou ID regard lo whidi he has any particular thcor/'or | 
fenee, and by monniTin;; for hiiosclf in the houses of hi* friends tl 
■Uin'^ndoDs of doors, windows, stair*, clonets, sinks, batbs and q 
details, and comparing llicni with tliose shown on his plnr 
form a clear notion of wlint is intcndeil by them, and satisfy h 
twlf that tlicy indicate just what he wishes h{» house lo be. Tlie specl- 
ficatinni, also, his ahould study carefully at liome with his family, 
nod may take advantage of the sug^lions whieh they furnish t 
modify certain |>uints, if he wishes, in a way to please the fauey a 
the persons who will occupy the various rooms. Such study ai 
!• of moch value to ilic owner, who is thereby often saved from a 
|ieD>e in altering work already done In the ordinary way in O 
gain (omc object desirable to himself, but about which he had for- 
gaiten to Inform the architect ; nhiln the areliitoct is aiways glad U 
furnish all the asnutanca in his potrur, knowing tliut a little time 
•p«Dt in promoting tlie thorough corn prehension by all parties i 
MrDCtora ImlieatMt in the dranlngi will enable hira to do his 
■tilh mneh more tatiiifnction to Itlmsolf as well as to his employer, i 

fn n^ard to the contracts, the ijucslion always n 
th« whole work shall 1m entrusted to one roan, or two or more sep- 
arate contracts made ; and it Is not aJwavs easy to _. 
Wtfww It. The praciico of various localities has much 

• •Ilh the matter. In some places it is rare for moahonir* t 
I lulMontracta, and therefore each trade mint b« dealt « 
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separately, while in others the best eontractors prefer to have the 
solu control of their building», and enUeavor to keep the work en- 
tiruly in their hands. 

Where a building must be speedily completed, it is gen<?r:illj- 
easier to attain that object by putting the whole contract into tlii; 
hands of one man. Two contractors, responaiblo only to the owner, 
and jealous or indifferent in regard to each other's interests,, alwavs 
charge each other with the resjmnsibility for the delays which usu- 
ally occur under such circumstaacee, and the owner finds it difficult, 
if not ini|>ossible, cither to enforce bis contract as to lime of comnle- 
tion, or to collect indemnity fur the delay without doing injustice. 
Where, however, the time is not restricted to the shortest possible 
space, most architects will agree that the best results are obtained 
by making at least four separate agreements; the cellar-work and 
grading forming the subject of one; the carpenter- work, indudlng 
painting and glazing, of a second; tlie brickwork and plastering of a 
third; and the plumbing of the fourth. It is often desirablu to make 
a. fifth agreement for the painting and glazing, but if the carpenter 
is trustworthy, there is generally some advantage in allowing these 
to be included in his contract. 

By the system of se[>arate contracts better work is usually to be 
obtained in each braucli, and, considering its quality, at a eheajier 
rale; although speculative builders have ways of making sub-con- 
traclH at prices which seem incredibly lorn to those who are not 
familiar with the difference between the good and tlie " jofry " style 
of work. The best mechanics always prefer to treat directly with 
(he owner ; tbey are in this way sure of their pay, and can there- 
fore afford to work at a lower rate; while the owner saves the per- 
centage of profit which the principul contractor feels himself entitled 
to charge upon the tenders made to him by his sub-contractors. 
Whatever mo<)u is adopted, loo much care cannot be taken to have 
the plans and specifications as full and explicit as posi^iblc. If 
these arc what they should be, a building so simple as a dwelling- 
house can be, and generally is, where the owner knows his own 
mind in regard to the kind of house he wislies, and takes the 
trouble to see that the plans express it, carricil out to completion 
without any " extras " whatever ; generally to llic great surprise of 
llie proprietor, who U sure to be informed by volunteer counsel- 
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lor* bafore lie begins operAtioos tlint bia cxtrn bill will tae 
he '*M leaM iw Inr^ as ttic tonlriwt price:" tbat lie "ouzb 
Mriu( tlie ftrcliitett to bulf tlie sum tlint bu inlentlB to fpend," 
M. A* an oxauii>la of wliat it <l««irablo in «uch ilocumeota, Eon 
of ipMlflciUJons nn<l conlritcU are subjoined, aucb at have been usft 
with tin ntwCEntry Tkriationt, fur n considerable Diioibcr of bousea, 
»U uf wbtcb Uata been tiiil»hed coinplele at die contraut price, with- 
txit a dollar of tixtttt cbarge, except in cmq of unexpected dilficul- 
iJi-i «f grannd, cr unless tbe owuer bns JusirRd la make alteratioi 
«* tlie work went on, or to aild to tlic cootrael (be execHlic 
Ii«rt* of tbe furniture, ud luautulB, fixed book-sbelrt^s, seats, nud ti 
Ukr. 

Armud niib sneli instruments aa tbeic, we enter upon llie e: 
tion of tbo wurk. We buve miu\a separate contracts for ilie ci 
wurk, tbe cnriicniry, tlie brickwork mid plastering, and ibe pluoj 
in-^, and liavc alro selected a good furnace, and arranged witb fi 
■ukeri lo put io tbe roi|uisile pipes nrnl registers in tbe bes 
irhffn tlio pmper lime comes, under a guaranty tbat Ibe apparot; 
■lull beat a given niiinl)er of rooms lo n. trmpcruture of 70° tvben ^ 
tl»nniu«iDi.-t(-r ouifidu etiinds at U'', nilbout Inking nir from the & 
or uuj iiilnir pnrt of tbe bouse, and witliout regard to tbe direc 
■>f tiM oind. 

Oeeasiimally, ihe licnting xppnrnlus is ineludcd in ibu princi^ 
contract, lint ibis is uust iinwUu. As with plumbing, tbe v 
be done U uri dillieult for any one but au exjieri to undemtanil 4 
ertlicise, ami tbe cllfferenco between goml and inferior work is | 
(TfMt, in value, even mrrre ibnn in cost, ibnt it sbould neve 
11m lut»n-*t of any man to ^m it done as ebeapiy as )Hii>sible. 
ploauUlons of tbcMJ points will In given further on. Meanwliile, M 
lautcn to get the eidkr iiniler war. 

Alibongh no rock appears in the immedlsM riciuiiy of tbo site 
sclccled fur iliti liuuse, it is not iutprubuUlo lluit it will bu found 
tomewbere in ibo oxcKvatJon, and tbu cunlracl wltli tbu vel 
{■roiidei a ecrtuln prke which *hall be paid for wliaivver bUstI 
m»!' b« nwessary, slipulaiinj at iho same liino ibat tbu rock I 
(Hit vball be nsed In the ceUar wallt, and an allowanoe mode for 1 
If UwTB Is other slnne to be bad near ■! liond, tlm cost of taking a 
rock from llie cellar i« fiairl}' offset by Ita value for walling tn 



114 BUILDING SUPERINTEXDEXCE. 

The occurrence of ledge in the excavation will usually be accom- 
. panicd by small springs, but it would bo inexpedient to burden the 
contract with an allowance for draining them away properly, so, if 
they occur, the operations which they may render necessary will be 
best treated as extra work. 

The contractor and the superintendent stake out the ground to- 
gether, the latter checking the rectangularity of the lines by measur- 
ing; the dia<;onals ; and batter-boards are set up; and a 
Staking out. o o » n 

bench-mark, showing the level of the top of the cellar 
wall, is made on one of the batter-boards. The house should alwavs 
be set high enough to give good cellar windows, with a suflicicnt fall 
to the surface of the ground away from the building on all sides. 
Three feet distance from the highest point of the natural surface in 
the perimeter of the building to the top of the cellar wall is none too 
much. This will give two and a half feet of underpinning all around, 
and insure a light, well-vcntilatcd cellar. 

The excavation is required to be eight inches wider on all sides 
than the outer line of the walls, in order that the latter may be car- 
ried up smooth and strong, outside as well as inside. The whole is 

laid in mortar containing ci^ual parts of lime and 
BuHdrns. cement, and both the outer and inner faces are to be 

pointed neatly. The trenches arc to be dug two feet 
below the proposed cellar bottom, and eighteen inches of dry stone 
chips arc first put in, before starting the cement wall. All this is 
expensive, and the cellar will cost in this way at least twice as much 
as if constructed in the usual country fashion ; but it will be more 
than ten times as good, and nothing short of this fulfils the conditions 
which modern ideas regard as essential to a wholesome dwelling. 

The clear height of the cellar should be eight feet in the smallest 
house intended for winter occupancy, and more than this in larger 
mansions, in order to give sufficient height above the furnace to al- 
low of a proper ascent in the tin hot-air pipes, without which the 
heat cannot be successfully distributed to the various rooms. This, 
with the two feet additional below the cellar bottom, will make ten 
feet of stone-work, one and one-half feet of which will bo laid dry, 
and the remainder in cement. Whether the material of the cellar 
wall shall be brick or stone may depend upon the local custom. 
Hard stone makes the best wall. It is non-absorbent, and as the 



franen eoriJi nilher«« but 8li;;lit!y tu its eurf.ice, u vrull liuilt of ii 
oM Hubject, on bricknrork is, ti) gritilual Ii>oM-niD<; and ilvnay at 
vtttmx of tliQ grottnit. Wliure brick must b» ustid, lUny tboulU I 
of tbe bmrilot i]uaiity. 

Tite llr*t opuratiuo is tbe sirippln^ oC iba aurfAco loam from t 
vhole *r«» curcruil by ttic biiililing, aa<l about eight feet ndilitinDul 
OH all Rlilof, ttaxl tlio itoeking of tills ia some convenient {ilui->^ (or 
iMnhitlta fiibsoqucnt gr^ling. The excnvntion of tlio wliar tbuB_ 
firaoMilg in conformiiy witli ilie lines given by Llie buttvr-boarU 
A* the Enp of the vnll ia Tixed by the bencti-ni&rk U 3 laet ab 
tlie U;>kftit point of ilio groniTd, and tbe dww beigUl of the d^Ui 
8 («t, tlie main part a( Ibo excavation, oxclusivo of tlie ircncbes 
tbe walls, will bu nonrbcro more ilinn Oj feet below tbo ground ; tbo 
extrk 8 incbi'H bving nllowud for tbo tliiukncM of tbo coiicrvte. 

W« liavu ctu»oa our Kite rrM, and are furlunato cnougli to find _ 
Borock In ibe uxuavation, and no wet plioca in ibe ct-llar ilKulf, 1 
ia tbe UvncbcN two fii-t or no below, die wntur stands in 
pliCBt. TbiH is »n iadication of a mointuro In tbu subsoil, w 
increajio nfur *prin* rains go ns to (ill tbo trendies, onlnInK 
ukI Ibiao will ovvrllow into tbo ci'lUr unless Bomo tMBoll. 
olliw oullol iH [irovjiled for lliu wnlcr. Tbu slope o( ibo gruund, nnii 
itlll mure ilm uompftraiivu jliallownojs o( ibe colliir, mrntc iJ 

pie matter ; ull i 
is ncee>!-iLry 
continue ibu trenc 
beyond tbe line i 
tlie boupe, giving f 
T^^a sllgbt fall ^ 

seen ding ground « 
allow it to reach tl 
surface. Tlic trenq 
nuy l>o filli'd nearly lii tliu top witb looie stunL-s or broken brid 
aod ihoD ooterinl wltli straw onil loam, or a plptsdrain may h 
Ottvngh U (Fig. 83). All ibe wati-r thai cutleeis undiT iliu 
wiU ibKD be liuinedUtely ilrainod nwny, and no inattur wlmt ir 
die larul of tlw ground-waif r ontililn ibo boii»e, tlie trendi wltli % 
audHt form* a barrier which will jiivrcnt die molsturu Erotn c 
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DijkiD^ ila appcnranue above tliu celUr floor (Fig. 84). It is ti-ue 
tliat in tome clayey grouads, cBpixiolly if traversed by vuins of saaii, 
tr&Ier inny rise tlirough tLe ctllar boUom in some [ilac-cii, but eircli 
wiils are rare, aad moisture so iulroducod cnn utsily bu carried ull 
bj- Buiall "Frencli drBias"of broken stone, or lines of agricultural 
tiliiss Ictuiiog from tbe wet spot to tlic mnin drain under the iralU, 
or, still better, extending from wall to wall across tbe plaix to bu 
draiouU. 

Wbcre the ground is very toft or sandy, the outlet drain sliould 
be laid at a gentle pitch, in order that the current tovard it may not 
bo swift enough to scour'oat the soil beneath the foundations nnd 
cause settleiuent Some architects, fur fear of this, prefer to uiuke 
stone or till; druins entirely outside 
.- . the walls (Fig. 8J, or Fig. 8G). but 
this is somewhat timru cxpeiisiit-, 
as tlie excavation must be made 
^^ proportionally larger, while the 
former niutbod ia more cflecHial 
in keeping the cellar walls and 
floor dry, and if carefully carried 
out should be no more liable to 
cause settlements than the odier. 
If small stones arc used imder the walls, ihey Khoulil be eompacied 
with a rammer, and thus form au incompres'siblu ma»s. 

1'lic building of the masonry u[>on this foundation is a simple mat- 
ter, but must be sharply natcheil, for in no detail of constrncllon is 
the couiiuon practice so vicious as in the laying of cellar wall^. In 
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•nt Dwrtar, an<l dcpcnUing partlj' for support upon the eanli aiiA>« 
tiiju uE thcu. Tliu tunuoilnut fu^ of tko eione* is inside, ' ~ ' 
tlic outniile pronmiA a rag^«Ji briitlin^ maai of projecUons; aiiU | 
-iiu{ira*ii Out TiRible fncui \ha crovicos between tLo «to 
"ulnnkeil" witii etaM cliipi, OOil tlie joints aro "pointed " by ri 
MDg Diuriw tfvcr llieni wllli tlie point of a trowel. A uuat of wtiil^ 
wuii oulU{<Iul<ti 9. irark nhicii. wliilu it is nuw, prcsirnts on tl 
preidwiy (111! tame aipcctas tlus best tort of wnll. Bum brief period 
iwlv is DM'ileU to Disku iid ilutecit manirvst. Strvams of wutiT, a 
ll«arjt ruin*, panr thrciugb tllo luusc struotun.', tollowi^i] by r 
wliivb Uimiv down nt^xt lUu oiilsitlu of lliu r/ntlB until tlicy findll 
wlJii jftiol (roui wliieb llii-y laa easily pU8li out ibo jiuinlins luorlftr" 
■nJ obtain aiKiura lo iLu interior ; and licllc by little (be carlli wasbe* 
IiUd tlw croviiKS IwtwuuD tbe Utak and (be atune-wurk, until (bo lul[<^ 
ywliU (vtbeprcitiure, presenting tlie cbaraclurifltic inward convexil/ 
ut couiury vuUar-nnll}. 

Ev«ry ((?lluru of Umia coiiittnictioni must be nvoidod- In pint 
ot » dry «»I1, ftirniKliL'd only ffitli a niiauruLlc pointing of murtd 
<iti Um Iniddu, tbo whole tliiokni's^ mnst be solidly Gtli'd witb eenk 
cni; Inplatvof a roii'^h oultiilu tiirfavo, tliu exterior niii! 
tmouihrM taev. ilint water may not i^oUwt upoa projeetion 
egnduclml into tliu wall ; instisad of li^aning ngHliist tliu bunk, I 
UMKHiry muM ttanil at leait eight inches nwny from ii, and Uic int 
Wttinj apacu niunt lio lilled ntib porous gravel or sand, in order tlwfcl 
UiQ SBbtermneau wnln-foiirscs niay be inlerpeptwl and ci 
away bariiilt'i>«ly into tlie drain licncatb; wliile nil ibcUetalUof luiul 
log and proper jointing of tlie inasoiiry alioiild lie as carefully ■ 
t«nilc4l Lo a> iu Ibu case of a wall above ground. Further iletniU i 
ihcw pointt havo been ^vcd in Clinp(ur 1., and need not be repent 

Without auiduous waIi:Uing. Rio»t country mMop» lapBo < 
Uuiially Into tlio wmtohi'd work man slilp nhivb has become liabitw 
b> tbeiD : loo;; utoao*, wliicli iliey will not take the trouble to bi 
am nfl in tlio wall with a fair innnr f.iee, but with lollg "tails" 
Jveting from ihu exterior into the hank, whercns the rcverce « 
tiO tiM preferaltla way ; ami ihort stonot are ainiilarly «et, leaving jj 
ravii; on tliu mitalde to i^nlhcr nntcr and f^nitiii't it into 
A* tba (wrth i* luually filled in bvliind tlie >tonu-work na fa»t lu it |J 
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laid, mcb fault* are not geaerallj' detected until heavy raios reveal 
them, too late to apply a remedy ; but lometlung; nay be ascertained 
by uflcg tbe Btccl rod spoken of in Chapter I., wliile the nioriar aod 
the tilling ouCnide are yet soft- 
It ifl eiaential that the material next llie wall should be perma- 
nently porous. If gaud or gravel canoot be bad, un- 
"'""T'w "h"'"* ^'^^"^ coal-ashcB form a good substitute, and broken 
bricks, Btone or slate chips may be used. 
The underpinning, or portion of the wall above ground, is very 
commoaly made different from the rest, in order to obtain a suootlicr 
UndBni '^*' ^"S slabs of split granite or freestone are 

often used, and for cheaper irork an eight-inch brick 
wall is sometimes built on top of the stonc-nork, from tbe gr;kJo line 
upward. Of these, the granite underpinning is much the be-^t: 
sandstone and brick absorb raoisturo from the ground, as well as 
from snow lying against them in winter, and communicate it to tlie 
interior, besides being tbemaclves subject to exfoliation aud decay 
at the ground line. 

Independent of appearance, the best construction is to carry tlic 
cellar wall of tUe full lliickness to the very top, trusting to careful 
"drawing"of the joints for giving the exposed portions a satisfac- 
tory finish. Care should be taken that the wall is not thinned at the 
top (Fig- 87), as is very commonly done in country work, to give 
opportunity for the vicious form of lloor framing by 
which tbe joists arc set Ibish with the upper surtr.ce 
of the s 11, their lower portion hanging down inside. 
Wl atcver liie thickness, — twelve inches for briuk, 
sixteen c ghtecn, or twenty for stone, according to the 
cl aractcr of the material, — it should continue to [he 
under s le of the sill, leaving only ihc necessary places 
for inserUng llio girders, nnd levelling oft the top care- 
f ill) 1 rames of basement windows sliould, if possi- 
ble bo built into the wall. The method of spikinj; 
ihetn to the under side of the sill, leaving large, irrcg- 
1 the elone-work for their reception, is objectionable, as 
t filling up is ap| to be less solid than the surrounding 

,11 is in process of construction, Clui framing of the tim- 
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r, tliM is, tLo cutliog IdIq lengths, fitting and mortising, ' 

B gluing on. Usually tliia is done upon ibe ground, fruui 

I in some oeighboriag yard, as near the re- 

dimcDsiona as may bcj but it is not uncommon 

li>iiiimiiiii iiii I to procure aa " ordered frame," by seading framln 
|p)nu ftnd elcvalions, with a proper ipeciQoation, to aonie aair-DiiU in 
Uie limber region, wLcro tlic pieces Are cut from the logs oE tbe 
exact aizes rccjnirtd. One or two catablisbmcata do more than this, 
anil (Up ilie frame ready morticed and fitted for putting together, 
locluiting nhen deaired tlio bonrding, sbin-jtvi, clapboards, doors, 
wlnilowa, «ud ulbcr Biniplo wooil-work. Tlierc is un economy in lbs 
una of tmcli franiuv, kb waste ia avoided, and more perfect timber is 
flbiaincil, hut tbe yard timber is usually better leasoncil, and some 
contractors think that the time spent in overhauling after delivery 
tho intiumrrable pieces of an ordered frame, except of Uic simplest 
kinil, in order to select the sticks that are needed, (juite ciltsels tbo 
watte and extra expense of framing from yard timber in tlio Ufiual 

Tli« inspection of the rough lumljcr is not difficult. Whi 
Vpruve, and hemlock are the woods most commonly used. In lbs: 
WoiC, collonnood h eometimes employed, and redwood 
Bwy framing timber o( the Tacillc coast. Of these, 
retlwMd is much tlie best, being strong, straight- *' 
^ainod, obtainatilc in any dimensiona, and ieaa sub- 
ject TO skrinknge or movement than any other. White pine is next 
tn valu^, fur similar reasons. Cottonwood is soft, an<l shrinks very 
muclt. Spruce r«sembit.-s pine, but shrinks more, and is apt 
and Ivial with great ft>rca during the drying process, and to " check, 
or ctflek ojicQ near tbe middle of the slick. The dimensions 
Taibar nnall, compared with white pine or tlie cnormo 
woml IiimiMr, but pieces up to 12"x 12", and 25 or 30 feet long 
alwayn to bo liad, and wooden dwelling-houses rarely require 
thing niori-. Hemlock is a harder wooil than either spruue or 
■flid can lie had in large sizes, but its strength is injured by Ilie want 
of adhcaian between its annnai rings, wliich disposes the timber 10 
crack very badly in ilrying. The bemioek trees nro very tail, and 
itwtr (wayin|[ in the forvit often " shakes " or separates the rings of 
ths liaatt-wood, m that when sawn into Kontlings or toords the in- 
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terior is litUo better thaa a mass of splinters. Hard pine, or, as it 
is sometimes called, Georgia pine, is much used in city buildings, 
where its great stiffness is of advantage in enabling floors of wide 
span to be covered without employing timbers of inconvenient size, 
but it is rarely necessary in country houses to incur the additional 
expense of using it for this purpose, although it is employed in other 
ways. It is a very good timber, though shrmking considerably in 
drying. The principal point in examining the lumber will be to as- 
certain whether the sizes are according to th^^ specifications, for 
which a few measurements will suffice. It should be borne in mind 
that only green lumber will show the full dimensions; and seasoning 
reduces them somewhat. A white-pine plank originally cut 12 inches 
wide will when dry measure about 11} inches ; spruce, hemlock, 
and hard pine somewhat less ; cottonwood will shrink a whole inch in 
the same width, while redwood scarcely sliows any change ; so that 
suitable allowances should be made for every case. Crooked and 
" waney " pieces (see Figs. 46, 47, page 6.0) should be condemned, as 
well as those affected with serious shakes. Longitudinal cracks in 
the middle of a thick piece of spruce need not condemn it : they arc 
almost inevitable if the timber is dry, and do not detract much from 
its strength ; but if they occur in a thin piece, as a floor joist, and 
extend entirely through it, they constitute serious defects. Sticks of 
which portions, especially at the ends, appear livid and friable should 
be totally condemned. They are infected with dry-rot, and will com- 
municate the infection to others. Amputation of the diseased part 
is not sufficient, for the threads of the fungus may extend a long dis- 
tance into the sound part of the wood. 

The first timber set in place is the sill, and this should have a 
thick bed of soft cement mortar prepared for it by the mason, and 
be hammered firmly down into it. This closes up the crevice be- 
tween the top of the stone-work and the timber, throujj;h 

In Mortar. ^^*ch, in, badly built houses, much cold air finds its 
way into the iiollow floors. For additional protection^ 
after the adjustment which is generally necessary to get tlie sill 
into position is over, it is best to point up with similar mortar 
along its outer edge (Fig. 88). The inside might be similarly 
treated, but this would interfere with the still more effectual pro. 
0088 of lining with bricks and mortar, as described below. It is now 
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B th« mII uC pine ur rjiruce, like lUe ollior porliui 

the frame. Our farer^ttbei**! vrl>o had u 
furnaces, act thdr iltrellingt very I 
anij bunked tliem up nitli earth in 
ler BO n» to pover llie lower porliot 
ihe trocWurk, in order to ktwp the o 
air from the ccll.ir ami the Boots; 
(Ley fouDil cliBsinm or ccJar li 
inly nmlcrinl wltleh iroulJ resist ilrj-^ 
tintler iuch circumaiaDCDf. Wi 
™- ever, prefer Iiigh. light collnr 

oumttkt ymiy. kept dry liy furnacev, and little dompneia rcocbf 
(be tnlU, Iiul tburu if, M lu all cuiea wboro wood coiiiea ii 
iritli nuonry, a (M>e«iMlity of it* being affected by i 
tbc pores of lh(! >timo and morlnr, so (Ifflt It is bent lo provide d 
npellnnt coaling liy pninting tlie rill on tlic under lidc. The otbc 
tUo ufaniilrl be left nntoucbuOi to a* not to impede the drying nc 
of the ftir. The end* ot ginlen also, nlieru tliey entirr llie n 
nay be (iinilarly pninli^L 

In moit cnae^ Uic »i\\ i« (lio subject of more notcliing, marti>in| 
aail euuUi; thno any oilier iltubcr in the building, and mm 
■nfllrient (llmensionR to nllntv for ihi*. Six by six InvlivsUnc 
>tz^ or lix by PJgbt, Tvlierc Ilic l»9cnicnt openings are large, o 
i« dangtn' of dceny affecting the under lidc. Tlie aiiglos ore 
iDgeihcr (Fij;. SO), and pinned or ttrongly spiked. Many biiildw 
Mcure tlio till lo tbu fuundnlion-walU by mcnns of \erii'.'u1 I 
nbout two feet long, budt for the greaner part of Uicir length 
till! walls, ot intiTVali of eiglil or ton feel. Corresponiling holet ai 
bureil in tLe siUi and lliJi ii dippnt ov 




.■xi>o»ed (ItuiitionB 
•■ "■ ihli forms ft V, 

abU M/cgiiard njpilciot atonni. ^^- '^■ 

InUi lliu lUI ilie floor bonin* arc franicit in various way*. A 
n and bad moiU Is to nolcb It aaiae tlirov locbus deep, ci 
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a correa^niling tenon on tkc upper corner of tho beam, so that the 
upper surface of tbit, when in place, b flush with the top of tlie silh 
the lower part projecting bolow. This oe- 
cessiiatcs the thinning off of tUo upper part 
of the wall, which would otlicrwtse come 
in the way of the beams, while llic icnon, 
' from wliich linngs the whole weight of the 
beamond its load, often splits off (Fig. !)0)> 
The beams shoulJ, instead of this, be cut. 
M as to bring their lower edges Hush with 
the bottom of the sill (Fig. 91), with a 
notch, perhaps two inches deep, to hold 
them in place. Then the tenoD will be 
deep enough to hold safely, and the wall 
I can be made of the full tliickness lo ibe 

Pi«- >'■ Tery top. 

Mortises must niao bo mode for [he corner posts, and for those to 
be set at the interBeetion of interior partitions with the oiitsido wnlle. 
Usuallj-, each of the "filling-in" studs (Fig- 92) has also its appro- 
priate mortise, even in 
"balloon " framing, but 
. occasionally a cheap 
builder contents him- 
- self with simply setting 
the end of tlic stud 
downon the sill, and se- 
curing it by nails driv- 
en diagonally through 
the foot. Of course, 
the position of nil tlie 
! taken from 
the framing plans nnd 
elevations; which can- 
too carefully 
made, or the execution 
of them too closely 
watched, m a window, a chimney-opening, or a stairway, once framed 
in the wrong place, cannot be altered subsequently without injury to 
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Uie wiliiiitj' of thu buitiling. WorkniDn are very citrcleiis About ew} 
natUn ; we Imve knuirti a foreman to iiae a frnming plan trai-ej cr 
muisparent clotli wrong side up, and regardlusg of ihocarcfiillettQring'fl 
mnd flgunt on ttio riglil title, to cut tlio mortisea for llie whole side d* 
a honse tiy scaling with a, frmtrruls (Lc dimcntionR as (een in 
tlironsli tbc nnxcd linen ; nnd it \» rare, even witii the most carefiill/fl 
drawn flana before Ibcai, for frunero to complete the mortiair 
•ill wttboul gross miitaki's. The young areliitcct or Bupcrlntendenf I 
ibonli) llioreluw, as soon a» tho siils are Bet in place, verify 0' 
Bmmnimeni. Thu (igurci on the plans fur a woodtin building eh 
■Iwajrl gtve the diitanccs of tho central of npcnings from the cornert 
o! Ilia tiiillding and from each other ; then iho niid[lle point between ' 
the mortliica mmlo in l)ie sitl fcir the sinils which form thu jiuubs of 
tba opening can bo rcrnlil/ found, and compared directly with ttio 
figtink If th« plnnii are figured, as is somciimes done, in the way 
KppfOpriaU! to stone or brick huildingit, by giving the (liflanc» ti 
tlio Jambt of the openings, the verification is much more diflieull 
«inc« Uie rough atuUs are always set two inches or more wiiior tn 
each tide lliaa the finiBhcd oponing is intended to be, to allow fur llia<l 
w^glit* and lines in the oate of windows, and in doors to admit of A'f 
Ulilo filay in setting ihe frames. 

After all the mortises for the studs have been exainine<lt and such ] 
eom>c(ionii as arc found necessary male on the sjiol nnd 
■uperintcndcDt's eye, those intended lor the floor timbers shoulttl 
undergo an njually rigid inspection, The openings for staircasei4~ 
Wid chimneys will almost always be found rais|)iacud, or mndo either^ 
too largo or loo small. The latter is much tho worse fault : 
]M>M!ble to an up an excess of spnee, but loo small an o{M<ning,*J 
which can only bo made avaiUhle by cutting away and weakening I 
tha trimmrr-U'SLms, or by constructing the flues, is a serious niisfoi>- I 
Inns When thew tests have been thoroughly applied, the beams*! 
■ay be jot iu place. In most casRS tho floor rests partly on girdcTii,lf 
wbieJi an .tf^r stick*, generally from C" x 10" to 6" x 13" for ihafl 
Ugla atrains of country houses, running through the collar under iba^ 
"loro^ii'I^ft" partidons, or tlioso which carry tho doors nborc, n 
npported hy brick piers In the cellar. 

Occaalnnally, brick wall*, cl;{ht Indies lliick, and pierced with I 
srdiN lor ooumunlcatloo, take the plac« of tho girder*, but withoul'fl 
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any materia] adrantagi-, unless they ^re ciuried iip.ta (lie under siik 
of the floor boards, in wliitti case they serve to keep tbc floor irarm 
and diminish the danger froin fire, by intercepting the tpnccs ho- 
twoeo the beams. 

If girders are used, specUl atlention should be given to contriving 
the framing of the beiuns into girders and sills so that the shrinkage 
shall be the SAioe at each end. This point is almost always neglected, 
to tbo detriment of the irork, which begins, a year or two after tlie 
completion of the buildlog, to undergo aettlemeiUa and deformations, 
which instead of being inevitable, aa is usually supposed, might 
easily have been avoided by a little care U tlie commencement. If, 
for example (Fig. 93), 
a ten-inch beam is 
framed at one end by 
a three-inch tenon into 
a six-inch sill, nil flush 
on t«p, and nt tlie other 
end is "sized" down 
one inch, without mor- 
tising, upon a 6 X 10 
girder, the total height 
of shrink able timber be- 
tween the lloor boards 
and the unyielding ma- 
sonry will be, at the sill 
end, G inches, and at the 
othcrcnJ 10 + 9 — 19 inches. Nowasix-in 
hups i of an inch in drying, while at the 
shrink some | of an inch, and after a year" 
of the l>canis will thus be half 
tlie floor to liic ^mo ext<!nt out 
the walls above, i 
loni;cr fit their pli 
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;h timber will shrink per- 

lamo rate, 10 inches will 

year's seasoning tlie Inner ends 

,n inch lower than the outer, nnd 

out of level, cracking the plastering of 

itorting the Joor-fr.imc*, so that llie doors no 

\», ami causing ugly disloealions in basu-boards 

To avoid these evils, an equal height of timber sliould be left 
at each end between the flooring boards and the masonry. If 
ll)e proper mode of framing into the sill is adopted (sec Tig. 91), 
a ten-inch beam will have a six-inch tenon resting upon the hot- 
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tun of ilic notrli, Willi four inohes <^ tlie kcnxI o( the tiili biitwi 
It nod the cellar wall; in all, ton inches of wouJ. We need, thero- 
lare, tun iodicn of woml, &nj no more, between the brick picn 
And Uiu lluor biittrds at the otlier end. But if the giriler is ten 
iftcliwi high, tliU wiU furnish the whole, with none to ipiiro f 
[)r«j<.*ut)uii vl llie tuinm nbovo H, «a lUu latter must bo framed 
IbUi the gir'Inr flueli with its to]i. This is for various reas 
Lait wa/ vt framing into (;irdvr!!. Ki>t oaly ia it aUraatageoO^ 
to gK rid of liieir |irujecIio[i U*li>w the cellar eeiling, but thi 
ktlon beiwaen the buaiua i» effectiiall/ cut off. If the girder is o 
■nipla itrength, it ma; bo notchod, say 6ve inches deep, to ri 




Gt^ucU tenon on the lienm (Fig. 94), but the beat mode, jirescrvi 
mott effectually the strength both of girder and beam, it the 
with "t«non and tusk" (Fig. 95) by which the cutting is br 
Bearer the neutral axis of the girder, while the tu»k tenon o 
ibt Joint to be bored anil pinned from above. 

Aa it would be difficult to lay heavy timbers on a row of Im 
pWr* without overturning them, tlie girders are generally held it 
place hy vhorrs wt hcncatli them until the floor bennix nre « 
MnnBtimes uvun longer ; and the piers are then built up iKnuath thoo 
TImw >liuuld never bo loss tlian 12" x 1 3", of hard brick, hid in i 
CDt nwrtar. Piers 8" x 8", as otlen seen, soon bend, wliile lho» 
•oft or " pier" briek are liable 10 be worn and kicked away at 
foot. Hie proper fpaclny; tor pieri dcpenils on the f>izo of 
i;ird«rh and tlio load upon them, hut ehonld not bo over 8 fuet. 
fmt of doHaction, even with strong timbers. 

In lh<i I^iulcrn >Iate», th« next xtrp always is to lay nn undcr-tloQ 
of {ilanitl liumltjck ur aprucu boanU, over which Iho men inovi 
while it formi » ronf la the cellar, which con iromcili- 
M«lf be DKd fur storage of bula and niiueriali. 
iriMPtlicr thb b done or itut, sftor the floor ia made practicable for tl 
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o£ workmen across it the large posts should be Mt up at 
tbo angles, and at the iDtertecdon of interior 
partitions with the outside nails. TheM should 
be 4" X S", at least, even in a " balloon " frame, 
not BO much for strength as to give good nailings 
for the angles of interior furrings, wainscot and 
haae-boards (Fig. 96). 
The subsequent Btepi depend upon the mode of 
Fij. 9B. construction adopted, — whether a "balloon " or 

"brBced"franie u specified; aad it is of importance to the foung 





and adTsntages of 
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Snppoung a ^ braced ** or '< old-fasliioncd " frame to be called for, 
the next step after setting the corner posts firmly into their mortises 
will be to secure them in their upright position by 
means of the braces (Fig. 97), which have been pre-"'"^** Frame, 
▼iously fitted to mortises cut in the sill and post, and on being 
inserted and a hard-wood pin or trenail driven through the hole, hold 
the post fast. The shape of the tenons is shown in Figure 98. 




Fig. 98 

While setting and bracing the corner posts, which always extend the 
whole height from the sill to the plate supporting the roof, the girts 
(G and D G, Fig. 97), or horizontal timbers which tie the frame at 
each floor-level, must be put in place. In a simple rect- 
angular frame, like the one shown on the drawing, two Olrta- 
of these will run parallel to the floor beams, and are for convenience 
generally set at the same level with them. The other two, marked D G 
in the figure, cross the ends of the beams, and are utilized to support 
them. If it were possible to continue the girts all around at the same 
level, the beams might with advantage be framed with tenon and tusk 
into those which run transversely to tbem, in the same manner as into 
the girders in tlie first floor, but as the tenons by which the girts are 



fruited into tlie poati would, if theie ware tet at the Nune level, inter- 
Hct Mid cut each ottier off. It is necenar/ to pl&ce one pair eutirely 
bebv tho otliera. The Utter &ro colled the " dropped girts," uid ara 
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geaerAllj' arranged so that the floor-beams may be notched oi 
one or two inches down upon them. (Fig. 99.) 

The proper joint for posts nnd gtrta is elioivn in Figure 100. 
After Betting those and pinning them securely, 
a second set of braces should be put in to tie 
the angle between them and the post.*, as shown 

in Figure 97, using the same form of mortises 

and tenons as before. A third set is then 

placed in the angles between the posts and 

the upper side of the gins. All those pieces 

are accurately cut and fitted before any of the 

work is set up, so that when inserted io their 

mortises, and the pins driven home, the posts 

Bre drawn into their proper position, exactly at ^'>- '°'' 

right angles with the girts, notwithstanding tho bending or twinling 

which the heat of tho bud often causes in them when first set up; 



m 



K. 



BOILDINO SUPERISTEKDEXCE. 

mnJ arc ihus prcparoil to rectivt tin! jiliilc, wbitli will iii)t fit 
die pot^ nra ncturaitly paralli'l. Ttiu bii|^1i.'s of tbe pliiti 
bklrcil togcUier iinJ mortisi'il i!ntirtly lliroiigli, so aa Id i 
■ Img ttmcm lott on top uf llw poitta ; bn>l lo fuciliiAte 
Uiu. as wuli as to give u eortaln laWral stifFncss lo re- ""' 
■i*t tlio Uirutit of llie raftura, U is c-onmion lo make tlie plntu 4" 
or 4"x8", &nd lay it flaiimy*. If ilia ruof is tu havu gables, a » 
wLat »ini[>lo construction is used, llie platu nlik-li rvci-'ivei 
Sm bviog frnmed oo top of the posts, wLIto tbe gable is suppc 
b)' n sort of ilropiH.'iI ^ 
tenonoJ into 
below tlia plai 
The angles of posts and 
plate may finally lie 
braced, milking n 
anil ri^d skeleton, \ 
iliown inFi^rc 07,ii 
wliicb lilt! ratters can B 
wt at li'isuru, uml tlie 
framework of iIil- side 
completed wiih '■lilling- 
in" sliids, set Lit a suitaJilu 
distaneo fur nailing ilie 
latlm inside, nn<l the dap- 
bonnls or olliei- coverioj 
Oiitsiile. (Fig. 101.) ~ 
frame is totally different, and altliov 
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The principle of thebnllou 
b nuy be, as is cliumi>il for 
li far inferior to tlie brnced frame 



: pliilo^npliieal, it 

I many important ^^^-^^ 



If balliNin {raming were spcclQcd for onr builUiug. llie nejit firp 
after *etting llie comer posts noii1<l be to oecure lliem leni|Kirarily in 
plaec by uieam uf " utay-Iatlis." or pieces of board naileil iliajon 
lo poM and i>ill> The "Cllin-^-in "stiij) wuuld then be set 
Ike biiUdinr< carh stiid in tlila nyt>tum extenUing the vrliolo hii]i 
from wH In pinto. The bmt e.-ipponiers mortise the feet of | 
Mud* Into tlw till, but thia i« freijnently nmltled, nailf> being ainv 
driTcn dfi^onally lUrougii. No sttctnpt \» mad* to cut llie ploc 
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the right length, and their np[>cr ends present for a time no appcnr- 
ancc like Vv^. 102. To stratghtca them IxiiiTds ar^ l«mporaril}- 
nailfd on oulaldi, and more " Btay-latlis " i)r«cu the studs ijiward to 
the Hoor. As soon as the huilding ia so far ndvaneed as to nUniit of 
climbing safe!;- to the top of the studs, a lino ia marked with « 
dialked string at tbe proper height for the underside of the plate 
and the studs arc cut 
off at that IcvcL If 
any prove too short, 
an additional piece 
is set on top, and 
"fished" by nailing 
a bit of bourdon each 
eidt.-. (Fis- 103.) 
When all are brought 
to the line, a 2" x 4" 
or 2" X C" timber of ^''- '"'■ 
random lenglli is laid on top, 
and spikes di-ircn llirougli it 
into the top of each stud. 
Other simitar sticks are laid 
Pil- lO!- in the same manner until the 

circuit of the building is completed, when a second row is laid on 
top of tlie first, breaking joint with them, and overlapping at the 
angle*. (Fig. 104.) 

Tbi* operation brings the studs to a vertical and parallel position, 
but provision Is needed for supporting the floor-beams. As be- 
fore, no notching or mortising is done 
before setting up the frame, but when 
all the studs are in placo, tl;c chalked 
Piling is again brought into requUition to 
mark u]>on them two lines, 4 inches apart, Fl[. 104. 

at such a height that the upper one will be an inch above the pro- 
posed level of the underside of the floor beams. Each stud is then 
notched one inch deep between tlic lines, and a "Icilger-board" or 
"false girt," consiatingot a strip of board an inch thick and 4 inches 
wide, is inserted and nailed in place. (Fig. 105). 
This gives a support which is strong enough for the work R!(|iiii'ed 
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I pf It, but cKCUEMvuly Jtlendcr in appunrnnce, nnd tiablv, if lire slioulil 
I get iau tbe spiLuei betwecD iLu itaitf, lo i>a quickly burned otl, per- 
lia]is letting llie Itoors {all. 

Tilt) brtiL'iiig at tliu ftQ^lusi, wliiuL toraiB an 
Imporlaut part of tlio oU-fasliioned rniiiunj;. 
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i» entirely omiltcil by most carpenters in seltinj; bftliooa rramea, to 
I ibst nolliing hnt die rcsisUni-'o of a few nulls prevEnis tbo buiUing;, 
i M ibo outsidv bonrding slirink^ (rooi leaning grfulunlly in one illreu- 
[ IJott or anoilicr, according lo tbe prcvAillng wind*. (Fig. 10G). 
Tlii« niny. Iiowevor. be pre- 

, , ,; tons Brnolng. 

wliai i» call- 
ed long brnting (Flj. 107). 

act flatways tljdr wbole 
dvpili into notiilic* cnt in 
I lie Muds lo receive ilicni. 
Tlic nolcliesaro uindovitber 
on tlio oiilsiUc or inslUo of 
the atiidii, but better broHna; 
can be bad by placing tbcm 
ouLiidc. A RpilLc i* driven 
ibmugb Ibo brace* ioio each 
stud, and the angle* arelbu* 
very strongly lic.l, but m th< 
Fspenw of DtTcnglh In tlic rtrriical studding. 
fltr diiwe verv diSurvni modes tbu balloon and the braced frani- 
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ing accomptish the aamo remit, the coostruclbii of a timber skeleton 
bouadcd by sill, pkte nntl comer posts, Ktiil included, with alt brac- 
iDgx, teooDs Bod fastenings, between two planes, 4 or 5 inches apurt, 
u thu case may be, so that latlia can be Dsiled uniromily all over the 
Inner surface, and boards over the outside. All llio subsequent 
steps, until tlic coupletion of the building, are the same for cither 
■node of construction. The design of tlic edifice is, hovever, some- 
what dependent upon the mode employed. lu both cases, lieat-y 
studs arc used to form the sides of window and cloor openLngs, In 
orilcr to give rigid support to the c.isings, and as in balloon framing 
all the studs, lar^ and small, extend the whole hciglit of the build- 
ing. It is quite desirable to place the windows in the dllTerent stories 
vertically over each other, so that one pair of " winduw studs " may 
serve for two openings ; and any variation from this direct super- 
position involves expense or weakening of the jiortion of the 
Structure involved. Witli a braced frame, the main jiosts only ex- 
tend to the plate, all the llUing-in stud!<, large and small, terminating 
-at the girts ; so that the studding of one story is completely Indepen- 
dent of that above or below; an important considcralion where any 
picturesque irregularity of fenestration is t4i be attempted. 

As soon as the studding of the walls is in place, the outside bo^ird- 

ing is begun. Hemlock or inferior spruce is used for this piiqiose, 

and no great care is taken to lay the joints close, but 

BoardlnB. j,^^ boards must be mill-planed on one side to reduce 
them to an even thickness, or the subseipient shingling or clapboards 
will not lie evenly. ^VhIle this is going on, the beams of the second 
lloor are to he set. As it rarely happens that tlie l)cams extend in 
one span from the girts in one wall to those opposite, an intermedi- 
ate support must be provided for them, consisting generally of tlic 
head of some interior partition, on which tlieir inner ends are notched 
or "siiC'il " down, just as their outer ends are upon the dropped 
girts. A« the 3" x 3" or 3" x 4" piece which forms the partition -head 
is capaiile of withstanding a considerable cross-strain. It is unneces- 
sary to set all the studs under it at lirst, and isolated ones arc usually 
put in, some 3 or 4 feet apart, in oriler to allow treo passing between 
them. I'he sccond-Hoor beams can then bo immediately kid in 
place, and another partition in the story above, set in the same way, 
wrvcs for supporting the third door. 
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TL^ mitciiing or " kiting " of oil bvains upon ibeir lioiiionlnl su]>. 
fiorU U niailu un^itutr)' by ibeir im-i|imlily io size, Onliiiiiry ijiu' 
ber* often vary one-fourth to - . -. -.. . .-.....--..... 

MM^alf an iu«h from tlicir . | I j | | f | J_, 

•|iaciS«l (Jliueniiurs, bui by j 

■olcJiing liieiu tt> u nniforcii ^ 'i< 'O^- 

tltMsocu from tht lop tliey will, when laiil in ]ilnce, linve ihctr upper 
■iiji-s \ii\ei runiy to n-Lt.-i*e tlio Quor. (Fig. lOS.) The uixitraitlcti 
vUl be unuten, Ixit tlie eiibBequeat cross-fur I'ing will coui'enl this. 

lib very oamoiun, Itut not j'u'UcIoub, toeet [liu studs of alliDterior 
imnilions either un tlio unJer-lloor or on a licn'izoalal piut'C ruBlliig 
nprm ilio kicama. If Uic Xaavt cnib of a tiur of lloor- 
tieun* are »up[Hirt«U, ni is usually tlie caae, by a parti- againai Un-' 
Uon cxttMtiling from lliu tiast^nKOl, these amis will \k equal S«til«- 
Babj«vt Io a «i!ttlviuvnt e<iuiviilent to the sum of ihe 
ilifttOtagi! [>f all tbu borizuntal piew* inlerpOMxl betnocn ihc iindcr- 
ri<le of thi.' Iwams in ijuustion aud iho iminovahio Kupporla at tba 
botlou al iIjb parlitloii ; in this JDitancc, the brick piers in tliQ 
batvtuenl. If tbu partition «tuils etanJ on the bcanin, with a i'' xA" 
"■wle" Intvrgiiiwil, a partition extending from tlio cuUar piuri 
to tlto floor of the third »l«ry will be iniurruptcd by tbe Iwso 
mnt girder, fir»t-«tory b«aui>. »ohs of par^iion, tap of the aiimc, set- 
(Md-ilory buaraH. anU nnotbur win and cap. in all, from 30 to 40 
iMilieiof liorixonial tlinbur, tlio ghrioka;^ of which in snth n]>om>ioQ 
troulil be from one to two im-bes. I'hc oiitw ctvXi of the i>ainu thinl* 
•kiry beam* will rmi upon the framing of the onuiito wall, which 
winihl witli a balluon fl'a^l<^, in wliirh the stiida are conliiiuuii*, pr»- 
HW wAj a ala-inch sill and un« four-incb k'dgerboard of shrinkublu 
lIlabBT b«t«orn them and tbe itnniovable baMmcnl wall. Tlie 
•hriiikaxo uf thiN 10 iuchea of horiiouul wood wmild amount to Ium 
than halt an incli. mi tliat wbun tlio wooil-work became fully ilrled, 
which b our furnace-healed boiifua is in a year or two, thu Icuer 
mdi uf itie thlrd-«tory bcami would be an inch to an inch anil a half 
hehnr tliirir outer coda. Siicli a dlffereDfc in Iciol is quite Niindcnt 
to eau*e erai'klliE of the plantcrml walls in tliu (eeond and third 
ttitrlM, anil to dUton the opcningi in thu criMra partitions (Kig. 100), 
»o at to mako tins doon fit badly, and " bind," or rrrjuirv to be trim- 
BMd, ■irtlu<mDga"f»tup" to adapt tlicm to iliv aflcrud ihapv. 
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Tbese phenomena, which every one has obwrred in cit)' as well aa 
country houses, depend solcty apon the unequal shrinkage and cooBe- 
qiient settlement of the two Terticol Etructuru by which the opposite 
cods of the beams are supported, and can be avcnded by any device 
which shall make the settlement the same at both ends. In wooden 
bouses this may be ap- 
proximately accom- 
plished by setting the 
studs, — not on tlic floor 
or on the beams, but 
bttioeen the latter and 
on the same support, so 
that the beams eease to 
form a part of the ver- 
tical frame. The studs 
of the first-etory parti- 
tions will then stand on 
Ikt girders, extending 
thence Co ihc underside 
of the second-^iory 
beams which rest upon their cap. The studs of tlie aecocd-story par- 
titions afi^aiD, instead of standing on the floor, or on a solo-piccu, will 
extpnd down between the beams to the cap of the firet-story p.-ir 
tilion (Fig. 110). By tliia arrangement there will be, supposing the 
bcightof tlic girder to be 10 inches,and (hat of the partition caps 3 
inches, 16 inches only of elirinkable wood in the partitions between 
the basement piers and the underside cf the third-story 
•ettlamant , .,.„ ,,,,,., 

- In aallDon bcajns, and the difference of level after drying between 
rrBma*. tlioir inner and their outer ends, supposing these to be 
supported by balloon frame, would be about j of an inch instead of 
thri'C or four times that amount, as in tliQ case previously described. 
It is desirable to avoid even this inequality if possible, and as it is 
evidently impmclicablo to dimtoifh the amount of horizontal timber, 
and consciiucnt settlement, in the interior partitions, it will be advan- 
ta-^eoiis to increase that in the outer walla. As the height of the 
sitt is fixed, the aggregate shrinkage can only be increased by a<ld> 
ing to the width of the horiionlal limbers on which the upper beams 
rest. With a balloon frame nothing can be gained in this way, since 
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tlie Icil^cr-bourd mu&t be nnileJ to tlie stud', and tlic fiee |>'ir(ioa 
between tlic nn'iU anil the apper edge of tlie boiird is ttlune capable 
g ibu beanu b/ its ihrinknge ; and witli such frnmcs nn un> 
•qml wtUeinent is praclioally inevimble. TIio braced m~.^ 
fmDCi however, lusUina iLe benms upon a tridu girt, in ■nflad 
nubig on tliu corner poets bj its lower edge, so Frame* 
tlokt ibe whole effect of Uie shrinkii^ lends to make tbo upper edj^ 
dMorad, and with it the beams whieli may rest apon it. 

A bncud fruiue, therefore, irich a aix-ineh sill and a tf:n-iixb 
droppod^irt, upon which tlie beani« of ibo third story are "xhtnl 
dowD in ttio Eamc mnnner sa oa Uie 
partltbtt-beub supponiog lltuir other 
catb, will give sixteen inches in verti* 





a) height of itirinkable timber, and nipporing the girders and pai^ 
liUon-beada to be as before, the settlement at both ends of the beam* 
will bo tlie Bftme, and the Huor will remain perfectly leTcl, ihe dooi- 
framei iiiuiu-c, and the plaster probably unbroken, for on indvfinltu 
psriod. 

The purtttioRi which extend from ilic fir^t floor through two or 
more stories, even tbougli no beams rest upon them, as in the case of 
thoM rannlng parallel with the beams, shonld be set in the tame 
way, tha Rtndi in the upper story rcstln;; on the cap of llie partition 
below i not fur tiic sake of lessening the ihrinknge, which wouM in 
llii* coio do no barm, but to relieve the floor-beams from the weii;1il 
of the- partition by making the support eontinuoui from the bii<«- 
ln«nt girder upward ; nnd partitions enclosing stain sbonld be slmi- 
brly coiuiructed. 

Beddus ihcM, there will usually be some partitions, especially in 
tba tecond •tory, whieli have no corresponding partition below, 
TbcM must bo supported on the beams. The simplest way of sei- 
tii^ them Is to loy the solo directly upon the under-flooring, where ita 
poailion can bo ncuuralvly marked; and the sole may with advontaga 
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beO^orfiJ iBcbeiwlile,8o as to project berond the stud on each side 
by an tunojnt eqaal to the thiclcncss of the plastering. In the subs e- 
qucnt (iniithiag this projectioo will heot great Krvice for keeping tLe 
base-boards firmly in ihcir proper poaiUon, and for nailing Ihem at the 
lower odge if required (Fig. lit.) Where the partition runs parallel 
iritli lliB beams, it is common to provido in the framing plans for a 
timber of extra'sLsOjOr two timbers spikeil together, under it, to give 

tlieextra support re(|uired. A better way is to set two 
*Sit*tioIw."**^"" equ'J'sWnt from tlie centre line of the parli- 

tioD. seven or eight inches apart from centres, instead 
of close U^ther (Fig. 113.) The same strength will be obtained, 




and there will be opportunity for a »oIid nailing at tlie ends of the 
floor-ixiariis that abut against the partition, which cannot be liad 
by the oilier method (Fig. 113.) Far the same reason, the framing- 
plans should always show a beam placed eloge against outer wnlla 
- and partitions extending from below. A floor wliere tlic ends of the 
lioards. for want of these precautions, are secured only to the tliin 
unilcr-llooring soon nccpiircs an uneven and slovenly look. 

The first studs of the partitions are usually set, and the floors 
bridged, before the roof is begun. In the sliort spans usual in eoun- 
maain. *'"'' '''"'^''' ''''* construction is a matter of lliile dilli- 
cully. Where support is needed, it is generally ob- 
tained by carrying up the partitions which extend from llic lirm 
foundation in the basement, and heavy trusses and purlins are rarely 
necessary, the weight being equally distributed over all the rnfterii, 
which may be tied with "collars" of plank where required. At tlie 
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I MtDO timp, ttie fiii'iii of sucIj roof* i« often very eomyilex, dnil the 

T framin»-plHni rIiohU be mirefully iiiil eluarly ilmwn. Evtry riij^c, 

I Talley anO Iilp iniiat bo markeil in plain letters, and tlie lengths at 

, lalluy, M>mnion and jack ruftcrs slioulil be ealeniatral auiX writ- 

t'km OB Iko ilruwing«. Witliuuc Ute:>e precnuliotie, tlic nrcliitrnt i» 

Kvpfj' likely, Uuring tlia frniiiing, to Rnd a liip substituted for s valley, 

~ w ver»a, aiiiJ nut inrnuiuuiilly, citliiT by ucL-iilunt ur iWni^n, tlio 

l|bri;{Ul of a pk-iuri^KinH nnit will bo matvrinlly lessened wirlioui con- 

Mlllng ihu iU'>ij;nur, nbo ilncs not dincovrr until too Ute tliu rcnMin 

Abf ba Appenrnncv in exM?utioii is mi disappointing. 

Til* ouverin'^io ot tlie building gives tliv aigniU for s, uauliilutle of 

r opi'raiiuo), Uu) principal mniing wiiicL is tlie < 
I cliimnoy*, wliivh nUould be QonKncnucd at tli« 
■.e«rlit(t praeiicable moment, in order to avoid deky 
I In finUhing tlic roof. Tbc bricks furnished for tliia woric sliotilj bo 
Irisidly inj>|icctod. As the cliimneys in frame ticinseB am usually 
Ijtlutored Duttido m fait at biiilr, in order la lessen 
I tlni ilangtTof «parlu pftsiing tlirougli tlic juintsof lliu 
f Sunoary among tlie furrings, tlie opportunity for using soft, linlF- 
I bnml brick* witliuut dt-ttnition is unusually favorable, and iLc young 
KBrcUileet ulioiilil look hliaridy to too lliat none of rlint kind are 
[«llo«roil Ut bti iJilivcred on llio ground. For ilio purjxise of aiding 
our liDililrri to impose bad niateriaU niwn iboir employer*, it 
k If common nt tlie brick-yanla to denominato tbo half-burnt ntatcri.-d 
[from iho uutidde of tliu kilns "cliimni;y briek," "pier brick," or, 
"pbce brk'k." Tlic name, however, does not uhangu ilio quality, 
Vaad »of wiirk containing bricks nliose edges can bo crumliled by iLe, 
■* >liould be pullwd down at oni.'o, and rebuilt witli better mate- 
BrUla- L'nloni tlil* In ilonc, no reliance enn bo placed upon the ma*, 
■ aonry ; ilio piers are liable to 1>c broken airny and bend, and chimneys 
I uny crack open ni any moment after being cnelcmed by furring. 
Wc auppow that tlic jioaiiiim and siko of all the openltiga mode in 
ibe fluors for the pasngo of the ehimneys have lieen earefiilly veri- 
I fiol loaq befurc. If nut, (his iihould be done without delay. Klaeons 
raly liiink of <]uc*li(inlng ll>o necerni'y of the carpenter's work, 
I U'l wbenevi-r tticy find an opening framed, they snnpend pitimb-linea 
!■■ lis four cornor* and commence laying bricks bi'twecn tlicin; 
d to the endleis miilaket made by the inferior workmen who are 
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cmploytti in [ranting tlicy add others oE their ovd, Odc furli]« 
BOUKU of errors is a warn of some common u a licrstnnd Lag in regiird 
to tlie RfStcm of figuriag plaa». Alost architectt>, unless rery expe- 
rienced, figure all horizontal dimensions in wooden building trum 
the Doaresl surface of tlie studs; thus, a fire-place in the middle of 
one side of a room IC long in tlio clear would generally be figured 
U 8' 1" from llic inside of the studs to its centre. Nearly all 
frsmers, however, measure to the oulatde face of ouUide »tuddin^-, 
although interior dimensions arc taken to the nearest face ; and the 
workman will probably set his trimmer-beams, or lay out liis chimney, 
by measuring the rigureddi.itanceon a ten-foot pole thrust lietwecn the 
itnds against the outside boarding, the point thus fulling four inches 
■hort of the place intended ; and the mistake, if discovered, 19 very 
likely to I>e reetilied by shifting the chimney over bodily, and rent- 
ing it upon the trimmer-i)oam. It is safest in any case to figure ilic 
openings in floors two or three inelics wider on the framing-phins 
than tliey are aetually intended lo be. This gives a little lee-iyay for 
coDiingencies, nnd it is always easy to fdl out nn excess of room hy 
nailing jiieees to tbe timbers, while the cutting away of beams to gniii 
aecessary space should bo avoided. 

All lliie-iloors, ash-doors, stove-rings and ventilating registers 
tboulJ l>e marked on the plans, 
and inserteil as the work goes on. 
If left fur siibse<juent cutting 
Uiey are furo to bo forgotten. 
Kings for furnace smoke-pipes 
ihould never romo witliin sixteen 
inelies of tliu cellar ceiling. All 
llues niti^t bo closed at the bot- 
tom, and kept separate to the fis- n*- 
top. Had workmen often leave them open at the Iwttom into the 
ash-pit, or, wliore two flues run side by side, omit tlie partition, or 
"with," in the lower part. In either case tli« draught is spoiled. 
The withs should bo four inches thick, and at iia.'t 

ChlmM»t' once in every eight courses in ordinary chimneys tliey 

should be bonded by two bricks roughly mitreil with 

the Etrutcliers of the walls. (Fig. 114.) AVilhout this precaution. 

which it is not easy to enforce, the with forms a mere tongue of 
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rapcrpnaod lirirk*, cUDiliog uprigliC in the roclnngular tliafl uf tlia 
cbimodj-, anil lield in plitco uoly by llio focblo ailhofion uf tlic nior- 
I Ur, BO tlml It not iinrreijiicntly lotea Us halince and b«Dd» Oior, stap- 
; vp the twljoining Hue. Tics ol tin or hoop-iron hiiil m the 
]cnoU aru fomi'tlntu* used tn sustain the v'nhs, hut the other bond is 
bMWr, pirlicdarly in tiill tliimiipys, whtru a thorough inlerlocking of 
tbs wiih«nith (ii<i walla ndils vcryj^rciillyto ihu etrcngihot Llii-thitft. 
StM'kR o( irregular pUo, (Fig. llij), can he bcller bondud than 
tliOM) o( iho i;ommon form, nnd ftro luiich stronger. If cmrii'd op 
nBOoUi nnd nefirly Etrni^ht, without twislin;; or ci 
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e or orOinnry hot-air fur- 

Baflicient """"" , 
for an open firuplacc o( 
moderate sizo; but iliedan- 
ger of wmc obttrui'riun i* < 
90 great timt it It pn|i)uDl J 
to proTiile the lattiT with 
B" X 12" Ruca where prac- 
lirabip. 

Firi'pinees arc usually 
roughly formvil during Ihe 
cotiBirut'tion of ilio rliiiiv- 
ney, lo b« ciibscqucnily 
linvil with ROiipirtotic or 
brick, but if tho bttor ma- 
terinl is to be rited, it i« 
tK^ttor lo finish I he whole 
anil cover it up with boards to prevent injury 
Ibe profit of the work. Ily thU method 
~ be no liangcr nf scltlrmcnts and opi-n joints between lUe 
and tho lining, through which (>parks may le^ch the 
iJ thi^ turriniis. Wrougbl-iron oliiuiney-hars muji be used 
u. -—'fKirt the briukffork abore each nroplocfl opening. Two iaciio« 
hf iMti M. lob la the n»ual «be, and two bnri ahould 
ba m«d. Tlin who!? nupjiort nhould he given by the 
bar*, wlilioul any niriatnncR front nrrlies. wliieh are liable lo Bpreni] 
■Od *|iUt the mawnrr. The depth nnd form of liroplacei clejiend oa 
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the uie to which ihey are to be puL Small hwd^oal grates are often 
let with only a four-inth recess in tlie maaonrj', the front of the grate 
projcctiog three or four inches boyond the face of the wall, and work 
very well m> if the draught is good, but eight incbei is belter, an) 
soft cool or wood need at least twelve incbe* depth: The " splay " 




or bevel to be given to the sides shonid 
conform to that of the grat*, if one Ib to 
be Buhsequently insartcd, and as they are 
made with various Ang1e»,the choice should 
be made before tlie fireplace is begun. If 
this has not been done, a epiay of seven and 
a linlf in twelve does very well, and will lit 
many grates. (Fig. 116.) In vertical sec- 
tion, the back of the flreiilace slioiild be built 
up plumb about six coureeii, and- then in- 
clined forward, making liie throat of the 

chimney about tno inches wide (Fig. 117), finishing with a leeel 
surface, of cut bricks, about six inches above tlie line of the cliini- 
ney bars. Dy this narrowing of tlie tiiroat tlie hot gases are con- 
centrated, and the draught much improved, while the level surface 
at the foot of the flue checks and repels any downward current, in- 
stead of deflecting it forward into the room. In laying out the fire- 




places, it should not be forgotten that ibey mast project from the 
general surface of the chimney at least as far as the line of the pla*- 
tering. If the chimney is furred with 2" x 4" atuifc, set flatways, ami 
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incli clear of the mnsonry, itail tlien lathuil anil plajlcred, ibe 
' .filiMtLT kurfnne will be four indii's in front of tlio brickwork (Fig. 
I lli),uul if the fKcinga of tlio drcpUi-e arc brought out to ihis poiiU, 
luitel wbiub is llat on Ibe b««k caa be usecj. Hon marblo nini^ 




B oonstnictnc) to allow of ft 
r incltoi beyonJ ilur plAsl«r line (Fi^. 119), 

to ihal D cboicn shouM be inula as early as possible. Tbu ouperln- 

Hailenl mutt nutcb the construction of tlio Huoa ti$!>iiluous1}', ai the 
ly nKaus uf raakia^ suru that tlicr arc cmooth and uniform in 
;u. Wbelher they shall be " pargetud," or plastered iuside widi mor- 
r. ilcpenil* upon .ctrcamatancei as well as on locul custom. Tliere 
HMie Jftn;;i'r lliat the pargeting may Kale off and fall into tb« 

iliiei, 'In^lD; wiih it tlio Diortitr 

from llw jolnu of tl>e bridcwork, 

M M to Dpcn a pftimiigc for tparksi 

mnil for this rciuon ibu practicu is 

forbidden in tome places, hut if tlie 

■lortar ountulns, as ie culrisable, 

bair U luueb ueiu(>nt ss lime, nnd 

iha brickwork is kept ncU pargeting 

n*7 bo nfcly uwid, and certainly as- 

thM Id {Eiving rmnothnctj and cod- 

tisai^ of nirfacc to tbu Han. 
la regard to ploituring the outside 

eftbfictrimney.tbure in aoUilfi-ri 

cl opinion, luii) where It ie 

wqWDlly oonoealed by furring, the 

n[iprln ton dent TnuH inaiat n|ton il.t 

bijog thoMu^hly coTnrod from ths 

biMawnt fbor to tlio undcniilc of 

tlie roof biMrding. "*' '^"' 

The. "topping out "of the chimney, above the roof. «bould bo done 

wUli nortar containing ucjual parts of lime and ccm«nt> Unlo«» thai 
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luada viiteqtruDt, every raJD irill saturate tbo mortar, dissolviog au'l 
loosening it until the wbote stack begins to lean toward tlie windwant 
tide, and then speedily decays. Fur the same reason tlie four upper 
courses should bo laid in clear ceiDent, unless a stone or iron cap is 
used. Notliing else will long withstand the disintegrating action of 
rain, added to that of the acid vapors from the burning fuel. No 
overhanging projection in the shape of a base should bo allun-ed 
where the chimnof leaves the roof. (Fig- 120). In the inavitnble 
settlement uf the whole ataek the upper portion will be caught upon 
the rafters, and the reoiaiader sinking away from it, a dangerous 
seam will be opened just above the boarding. 

Even before the chimneys are started, the cross-furring of the 
ceilings will begin. For this planed strips arc used 12 inches apart 
from centres, two inches wide, and J or I^ inches 
thick, the latter for three coat plastering. It is o( 
great importance to get these truly level, to prevent inequalities in 
the finished ceiling. Ordinary carpenters try the strips with a straight 
edge as they nail them to the beams, hacking away a little from one 
beam and filling up a de- 
ficiency in another by means 
of a chip, until an approxi- 
mately even surface is obtain- 
ed; but a much better way is 
to notch all the beams for llie 
furring strips before putting 
them on, gauging from the 
upper side in the same wny 
as in sizing upon the partitinn 
boards or girts. After cross- 
furring, the setting of the par- 
I trussed, so as to throw the 




/ 



Fif. m. 
titlons is finished, those that neod It a 
weight upon firnl pointsof support, and small trusses are put over all 
openings in the partitions. 

The trussing of partitions should be 8tudte<l beforehand, and indi- 
cated on the framing plans, so that doors can be arranged without 
cutting off the braces, TrusiMS over openings should be framed like 
Fi<nire 121. The dimensions and position of all the doors and par- 
titions should now be thoroughly verified. So dependence whaievor 



C*B be pinced ott die care of workmen in these respects, and tba 
]irapa(tiao« of llio plan are very likely lo be liopelessly mangled un- 
loM a ri;*ul nacdi u kept. The door openings must bu framed about 
9 wetiei wider aod two iouLeB liigher tUao tlie liaUbeil dcMjr, lo allow 
tt proper blocking ; aud ibc distance from llie unglea of die room to 
iLo i>p«nin«;8 mint bo vei'iRcU to insure symmetry, if that is intended ; 
knd •■■(Sclent Kpacc should be albwc-d for the areliitravve. 

Aftpr all ia made correct, the jiartiliuni may be bridged. Tliia is 
ofwi ijonc by nailing in abort horixuntal pieces betwmm the etiida; 
■ process wiiiuh lias ils use, but U vslitetuss for tlie 
prcMUt puq-uM. Tlie propur way is to vM in diago- pamifoni 
■al ptecas Cl^'<g- i3S), wbiuh present a considerable 
rMislanue to tlie sussing of the partition. The final operation will 
be to Iry tli«i p;irlitions ua eauh side nlth a «traig1it edge, and cor- 
net tb« vrookcd studs by sawing lialf through thejn on tho concave 
Me, forcing tbem into placot and driving wedges into the incidoa. 
The cbimneys are ni-xt enclosed 
wllli furring. conEiAing of n cage 
of ituiU, nipportcil by i»i>ts at the 
angles of ibc breast. These (ur- 
ringa iliould l>u measuri>d to see 
UiU tbey are acourMely pfac*! in 
lite room, that Uiey are of the 
prapor dinioDfJoDs, and that the 
firB|ilaco come* accurately in the 
niddle o( tlitrm ; such iluuils be- 
ing little rognrded by the average 
fnunnr. Nothing now remains but 
llw&tingof ihegroundi toprepare "'' '"' 

the iniide of tlie Iiousb for Ulhing and plastering. Meanwhile, ho«> 
ever. variouH other nievliiinics Iinvc been busy inside the building, nnd 
iLk work uf finishing tlie oulnide has gone t^onlinuously on. Every 
hot-air pip«, gax, drain and water-pipo, bell-tube, ;peaking-tuhe and 
eloctrle wire which is iint intuoiled to nppiiar outside the plastering 
mart bo Tix^kI in place during the »hort inierval whieli 
«)apras bolwppn th» rompletion of lhi< eludding and 
llie cnmmcnccment of iho lathing. If llie plans are prepared with 
any can:, the position and sizu of all botHilr t>ipes wUl bu Indicaled 
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on them, but so much thought is required in arranging them to the 
best advantage that the superintendent should study the plans for 
himself, in season to suggest changes if circumstances render them 
desirable. 

The proper size of the pipes depends upon the form of heating- 
apparatus employed, and this should therefore be selected as early 
as possible. Most persons make contracts for furnace pipes and 
registers complete, but if the pipes are put in separately it must be 
remembered that heaters with small radiating surface, like most of 
the wrought-iron furnaces, deliver air at a very high temperature, but 
can deal only with a small current, and therefore work better with 
few and small pipes and registers, while the best casUiron furnaces 
as well as a few forms in wrought-iron, and all indirect steam and 
hot*water heating apparatus, possess a large radiating surface, and 
therefore warm a much greater volume of air in a given time, but to 
a lower temperature, so that larger pipes are necessary to convey 
an adequate supply of heat to the rooms. As the only fresh air sup* 
ply in winter is derived from the registers, it follows that better ven- 
tilation is obtained by the introduction of a copious, but moderately 
warm current than from a small admixture of very hot air, but the 
latter is the cheaper mode, in consumption of coal as well as in the 
first cost of the apparatus. 

With heaters of large radiating surface, the pipes to the principal 
first-story rooms should not be less than 1 2 inches in diameter, and 
9 or 10 inch pipes should supply the larger chambers ; but for those 
consisting of a mere cylinder of wrought or cast iron, 9-inch pipes are 
large enough for the ground-floor, and 6 or 7 inch for upper rooms. 
Inexperienced architects and house-owners often make the mistake 
of putting in too many pipes and registers. Every unnecessary 
one, by the leakage at the dampers and the chilling of the exposed 
pipe, interferes with the working of all the others, and many houses 
are almost uninhabitable in cold weather, with a register in every 
room, which would be quite comfortable with half the number judi- 
ciously arranged. 

Wherever possible, the hot-air pipes should run through closets or 
inferior rooms, exposed to view, but it is usually necessary to carry 
up some behind the furring of chimney-breasts, or even in partitions. 
This involves danger of fire, which must be guarded against. Wber« 
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dw pipps piwa Uirou;;!! iho floors, a tin ring, llanged over fliior anil 

w3Uag, is nsanlly insei1ti4, tlirough nltich the Lot-air jiipc runs, lea** 

lag half An iouli )Lir«(Jace nil arouud ; bqcI through tliQ whulu o( it* 

all w<xHl-work expoeed to the railiation from it sbould be 

witL [deoes ot bright tin. SpeciScations for furnftve-work 

reijuira all wood witbln two iocbcs of the pipe to be bo 

, biit lliii will rarely be faithfully donu in contract work 

D Mperviiion i« very close. A uiuch better way is to have 

■U the pi[WB which are to be uoouealed buliind wood-work moda 

, ft Rpttce of half an inuli or so being left between the outer 

Aail luiiiiir c/liDiloro, through which air circulates freely. Where the 

jripea arc carried up in partitions widiouc such protection, heavy wire 

lalb rhould replace wood over them. 

Of the ]>luinbcr*s work, only a tiaaW part will generally need to be 

dooa bcforu plastering. Although Bupj)ly-p]p«& ore now generally 

pluinvd to run outside the walls, in positiouB where 

lIiBj- oan be easily reached, iron waste and ventilation iJJJfi^'"' 

pipea are oFten bust carried up lu partitions, and 

tbeM must bo «et in place In time to nvolU aQbwquent cutting of the 

pUater, »o that the plumber sliould be notified in season. 

Gaft-piplng must be all completcil before the lathing can coin- 

Bwncc, and will nood vigilant watching. Careless and stiipiil in 

rwnnl to the work of others as plumbers are apt to . 

. . . .. • 1 . . Cn«-Plpln«. 

0^ Iba uuiutp ga»rit[«ri far surpais them in capacity 

for botctiing their own work and destroying that of others. If the 

|ilaa sbowa two or three rooms en tuiu, with a centre light in the 

eoiling of each, the workman will generally, if the auperiniendent is 

out ot sight, proonwl to take up a board through the middle of the 

floor above, and notch the entire tier of beams from one to six 

inetiei dcvp in tlie middle of their span, wnakeniug tlio floor danger- 

0B«ly Mil] irreparably ; or short cuts will be taken in a similar man- 

acLT acrou gird«r«, braces, or anything elsu that may hapiiun to be 

tn Uie way. All good specificationK stipulate llutt no beam shall be 

Dotcbnl at a yruatAr distance tlian two feet from the beariog, wlier» 

tlie culllag down doet not materially affect ilio strength, and that nil 

csntre-ligtit* lUnll Ini supplied by branch pi|>es at tlie proper points, 

but Irrciponsible journeyuMa, unless watuhed. ]>ay little regard to 

lych iloeiunent*. • 
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Care must also be taken to see that all pipes are laid witli a con- 
tinuous fall toward the meter, as otherwise they may be choked by 
li(|uid condensed from the gas ; and the position of all centre-lights 
and brackets should be verified. No pains will generally be taken 
to have them accurately placed, so long as they come within a few 
inches of their proper position, unless the men are strictly looked 
after, and annoying difficulties are likely to be encountered in conse- 
quence when the ceiling is decorated. The height of the bracket 
outlets from the floor will also generally be varied to save tlie work- 
man the trouble of cutting his pipe, rather than with a view to their 
appearance or use. The proper height for bracket outlets in cham- 
bers is 4 feet 10 inches from the top of the under floor ; in halls and 
first-story rooms, 5 feet 7 inches is the rule. Mirror lights should 
have outlets 8 feet from the floor. 

Even if the outlets are properly placed, it is usually too much 
trouble for the workman to cut the nipples of the right length, or to 
make their direction normal to the surface from which they project, 
and conscijuently the fixtures, after the house is completed and paid 
for, will be found to take all sorts of unexpecte<l anj^les with walls 
and ceilings, which can only be remedied by hanging the chandeliers 
with ball-and-socket joints, or bending the nipples, at the imminent 
risk of causing a bad leak. The proper time to make sure of this 
point is while the work is going on. A straight piece of pipe, a foot 
or more in length, and of the proper calibre, should be screwed upon 
each nipple, as soon as set, and carefully levelled and plumbed, and 
tested with a carpenter's square. If any deviation from the true 
position is observed, it should be rectified before the inspection of the 
pipes by the mercury gauge, so that any leaks caused by the correc- 
tion may be detected. All bends, tees, and other fittings for gas- 
pi I>e under two inches in diameter should be specified to be of mal- 
leable iron, which admits of a little bending, and this is often the 
easiest way to bring the pipes back to place. The nipples, or short 
pieces of pipe which project through the plastering and receive the 
fixtures, should all be cut to the right length, so that they may pro- 
ject not more than 1^ or less than } of an inch beyond the finished 
plastering, allowing for the projection of the " bud," or middle portion 
of the plaster centre-piece. It saves trouble — to the gas-fitter, — 
Uf utilize waste bits of miscellaneous lengths for the purpose, so 
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tliat it U generally nucu^snr}', nftur tliv house is done, tu iIil; eumv of 
iJie nipples out of tli« plaslvr in wliivL Otuy art* burleJ, nnii lo re- 
place aLhLTi ot inonlin.-ilu k'llgiL b/ pieci-i of proper size; at iho 
rUk in buiii cues of iletaulunj* ike centre-pieces or causing' luaks 
«iililii ilie walli! or ceiling's. 

AfU>T [lie. ['ipes are all in place, tlieir wliole extent slioulil bo es- 
anilncil, to make sure that do split or defective pipe, maile tciiipurs- 
lily tigtit will) putt}' or red luud, forms a portion of the sy»tt'ni. This 
oa«! OMcrtuinutl. llio caps uru lo l)e scrovriHl ou, atid thu pi|tea in- 
■{lected hy Uio muroury g^uge, wliicb will alwuvs bu Uone on a re- 
qoeil left at tke olBce of ilie corapiiny wliiuli will supfily gas to the 
L(Me«. To one of the outlets is atlachcU a mauouicCcr iuIh.', or io- 
vtruil «ip1ion, with the short lej closed, filled with mercury. Air it 
then jiiimpeU into the pipes until the mercury stands nt a given 
height in tlie tube, and the whole left over night. The next morn- 
ing, tf tlie incrcnry column remains at the lanie height, the piping is 
pranouiirail tight. The superintendent should witness this jirocess, 
awl iuUofy biniRelf of the result, instead of taking tke word of the 
g»ttU)r in regard to iL 

B«It-wirus nhuuld always run in zinc tubes, which uro ximctimei 
tutenod lu the outside of the lallis, and buried in the plnsturin^. but 
■M much better nin between the studs. Tlii^ir position shuali] ba 
TarJRml, ur. If not marked on the plans, determined 
wiU> reference lo the furniture which will occupy the 
nomi. Kothiag, in a layman's eyes, does more discredit lu an arrhl- 
ICGl than to finil gas outlets situntcil behind doors, or boll-pulls so 
plaeod that a bud ur dressing-case must inevitably come in front of 

Elevtric bvllji. which are very generally used instead of ihc o^ 
dinary kind, raiuire only wiron, which nwd not run through tubing, 
bat are ilmply lii«>i to tlie Hludit by means of staples. With them 
thnulU \te put any other wire* which luay sub(uK|ucntly lie needed lo 
CMuluci rtoctrical current.*, diich as thoso for burgUr idaruis, clti-tric 
IpuMtglitlng, wr tbo electric light ituilf, 

. WUId tkcM O|)«rations am going on inri'lc, the mittUIn rmlsh ka« 
Uty advancing, so that ilie whole building may bi> so fnr nt 
'it against rnin by Uio time the interior is givi-n up to tho 
I Tb« guttar* arc flrst put on.and tbo shingling or dating, 
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begioning at tie e&Te>, ia earrieO to the top. Care ■bonlil be laken 
that the gutter is ea placed as to catch rainwater, but allow snow to 
Flide over iu (Fig. 125.) Young arcliitects otlcn find 
ihvir detail drawings for conuoet defective in this par- 
ticular. For additional pro- 
tection against snow-water 
backing up under the shingles, 
or the oviirflow of the gutter 
dribhiing through behind the 
cornice, the gutter should be 
plougUud at top and bottoni, 
and "facias" inserted ai 
shown in the figure. The shin- 
gling or slating 






be^ii 



«ith 




double course, and ihe gauge < 
is tlien inarkitil ofE rcgularl/ to 
the top. Onlinary shingles, 
sixteen inches lung, should not 
show more than four-and-a-half 
inches to the weather, udIcss 
on very steep roofs. The 

thick Alicbigan pine shingles, eighteen and twenty incites long, can 
be lahl with niuth more projection without fear of breaking or curl- 
ing. Each must be nailed with two nails, wliich should be galvanized 
if a very permanent roof is desired. Comuion nails mst out long 
before good shingles, well painted, become unserviceable. 

It is easy to judge uf the quality of siiingles. Freedom from knots 
and cro^a grain, and an ap|iroximation to uniform widtli, are the 
principal reipiisltes. Spruce ebinglef, wliicli are unfit to use in any 
but inferior buildings, are easily distinguished by tiw-ir appearance 
and smull, which differ eomplutely from the aromatic odor and silky 
grain of the " white cedar," or arbor-vita: wooci, from which those 
in ordinary use are made. Fine shingles are of a special size, and 
■those of the Virginia cypress, which liave the reputation of being 
everlasting, nre somewhat costly, and have but a limitcil market. 
The choice iMtween sawed and shaved shingles depends upon eir- 
-oanuianeofi. Tlie latter allow water to run off more freely, and an 
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U> be prC'fcrruil if nnpiuDt«(I. irkile ilie (ormer lioU paiuL better, and 
■re t)>er«fof« pitmrally uicil b^ areliitecti. 

Ib Hj'iag, tliv «itle*t shiagU's nrc aelcci«it for die Uips anil vnl- 
hn, witere uutling U necessary, in avdet to give room for two uaila. 
(Fig. 134.) Man)' of lliu Ue$t curpuntara luy bips 
Uka Fif*. 125, M> tbftt tliu CI 




Ft*. 114. 

oome U >li9 extreme edge, nnd die eSect U pk-turosquc, while tbe 
tlumbitlfy of tbe roof U improved. 

Tbe pitinllng at a sliinsle rouf is important, itnn}- i 
specify tbat eru^b tbingk* sball be ilippcd in paint, some v\i 
ing tlio paint to bo liot ; but lliis is todiou* nnd espen- 
live. A "iinplor and very gwxl way is to paint eaeh J(,"il'^i2 
eouTM an it \i laid; and tlie cheapest 18 to do it all 
U onra aticr the roofers are out of tlie way. The last proceis 
rattier bastvits tlie dei-iiy of tlie sliingles, by forming little UnmR of 
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p«isl wbieli liiild Ixuk til 
ttoUk but i) iiauatly aiiopltxl. 
WiwTO iibln;;lc8 are to be n 
It or inXeriar Bpriiee, plj 
"pliu'' uf tarred felt ar 



a^inet the unprotected jior- 



il. the roof boarding is generally of 
id to an even ihioknes», and one or 
laid under llio Bliingles, to prevent 
Giie nuw in heavy iiornia from Gnding iu way into ibo rooms. AVith 
alato *ttH groatvr prveuiition m neeesaary, and the tarrvd felt should 
Hot only be donble with all juinta well broken, but 
IMIebod ptnv board) thuuldbe UMd unUerueatb. Tbe 
"laii"or ilif »liiie» will vary ni-eording to the aiie. Ten inchc* by 
lwrnl]r, or ol^il by ilxteen are ^ncrnJIy utied, and for the bent work 
Mionbl bv laid with " tlirtvlni'li Inji " ; that Is, eaeh slate should lap 
Ihnwlnrlius Inynnd tlie brail of the second tiate lielow, (Fig. 126). 
And the lengtb of tlie cxpowd [Hiriiun will be found by dt>i)uetlng Uia 
1b]) tnim tbe wkule Ivngtli of ilie olaie, and dlvidiog the mtinalnilM- by 
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Fig. 126. 



tvo. Two inches Up, is hoverer, common. Tlie slates fbould be 
put on with g:alTamzed nails, not ilriTcn too Lard, for fear of break- 
ing ihem, nor too little, lest thev should 
rattle and blov off in hip^li winds, and 
the cut slates at the hips should be 
watched to see that thov are not hun:x 
bv one nail. Patent slatinir nails, which 
have a circle of japanned tin around the 
head, are usefid. The tlashin;j:3 should 
last be look'ed after, and the roof will 
then be complete. 
If the youn^ architect is ambitious of being able to say that no roof 
built under his superintendence ever leaked, he will need to exercise 

. , ^ , both thorouj^hness in inspection and skill in provitlins: 
LeaksinRoors. . ° . rw- • i 

for various contingencies. The worst leaks come from 

improper position of the gutters, by which wet snow slidini; from the 
roof is caught and held back. It soon freezes to the roof along the 
lower edge, the upper portion remaining free. an<l the water subse- 
quently running down the slope is caught as in along, deep iK)cket, 
in which it rises rapidly until its level reaches that of the upper ediic 
of a course of slates or shingles, over which it pours in a sheet, to find 
its wav into the rooms Ixilow. Next to this defect insuflicient rta>hin2 
in valleys is perhaps the worst. As metal is expensive, the rcK)fer'3 
interest is to save as much of it as possible, and the su|)erintendent 
must consider the circumstances of pitch and extent of roof surface 
draining into the valley, and the slope of the valley itself which should 
determine the depth which the water will probably obtain in it. In 
certain cases, where the roofs are large, this may be eighteen inches 
or more in summer showers, and the only security is to make the val- 
ley (lashings of corresponding size. 

A very common place for a small leak is arotmd the chinmeys, 
where rain or snow often blow through between the bricks and the 
flaps of a "stepped flashing." The remedy is a liberal api)Ucation 
of elastic or " Boston " cement l>etween the brickwork and the metal. 
The same cement is also needed to prevent water from getting in at 
the angle of a hip in a slated roof, unless the hip is protected by 
flashings (See Part I, page 80.) This should always be the case 
where a permanent construction is intended, since the cement soon 
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rni oitl " nnil tTumblcs by llio heat of the gun on ihc slnlea. 

■glL>i 111 luucli mora t^losely, nnd will jjeneriilly initku a tij^hl hip 

wiibout vcniont or mulal. 

White llie riwters ara nt work, llie winilow 
truueB aru btin^ rnpiifly set in 
(jlace- These, in wooilcn houses, W'niow 
nru mere fronts, in plan Uke 
, Fig. 127, A bi'ing iho " pulley-sty It'," grooved 
for the parting heaii, while B is the outside 
casing. When thla ia put in place nnil nailed 
oiigh-boardinj*, tlie space X, between the pulley-style ami the 
Ipd, ronn* the pocket for ilio weight*. 

» casing B is often niouhkd or urnanientvd. If plain, it should 

1 1 j Inehca thick, to prcn-nt curling undur the heat of the (un. Its 

V vAgv, prujiwling balf an inch beyond llie face of iL« pullcy-st}'ie, 

BiwaU; madu tu form ono side of the clmnnel ill which the upper 

b iIiOm, but it ifl mud) bi-ttur to increase Ilia deplb uf tliu reveal 

h iaaening a slip C, tom-a five-eighlhs or three-quarters of an inch 

' ' r, cliaDging llie positiua of the parting-bca<I to carre»pooiJ< 

'«iit of the improved appearance of siicb a frame, room i« 





IT ruoMinito-ncls itn<l hlinda. The sbinsles or tlapboard* 
1 dora up lo iho oliiiir edgu of tbu casing, but wlioo this 
jtritik* n vorlical ojicning U Icfl, through which rain penctrfltc*, 
I tolt, or Mill lir.ttcr, strips of tine, must be Iniil in 
tbiail iJia pai-lng anil the wljaiient work. Tlio junction of the clap- 
board* or tblngles with iho lop of ilie caning must also ba pralocicd. 
SoiiM c«rpcnl«r> do this by tacking a (trip of h:nd to the boards juM 
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prcr tiM ewngi *od turning it dovo over tlie.adge (Fig. 128),- bat 
it is neater maii tigbter to rvbate the. top of the CMing. (Fig. liXj 
IF this is (lone, and the vertical sidei of the casing ai'e grooved 
into the head (Fig. 130), the sills set to n sharp pitch, one-and-a- 
half inches or eo, ami grooved underneath for inserting the shingles 
•>r clapboards which come below them, the superintendent may be 
'jilerably sure that his builJing will not slioir that roost annoying 
if defects, leakage around the cd;;es of ihe opunings, and the sUiD- 
gling or clapboarding may be commenced at once. 

Uefore this, however, tbc back-plasteriog, if any is specified, 

should have been completed, in order that its ikying mny be favored 

by the circulation of air through the open joints of the boarding; 

and notice must he given to the plasterers in ample 

° infc season. The mode usually considered best is to nail 

fillets to the sides of the studs, and to lath on these, so 
that in theory a double air-space is formed by the outside boarding, 
the sheet of back-plaslcring, and the Inner plaster; but in practice 
it'is inuonrenicnt to nail fillets in the narrow space between the 
ledger boards and the outer boarding of a balloon frame, or jitst 
above the Jropped-girt of a braced frame, and still more so to nail 
l.ltlis to thoni, BO that ihc^e spacc;s Hrc u^iiiiUy neglected, and the 
wind which blows in under the clapbo.irds and paper of even the 
best built house finds an issue at such points into the interior. The 
real object should be to spread a continuous sheet of mortar from 
sill to plate, and this can be much better accomplished by omitting 
the fillets, and nailing two lines of laths vertically between each pair 
of studs, (hen lathing on these, and plastering with a thick coat of 
mortnr, well pressed on, so as to (ill in between the laths and the 
boarding. By tliis method room is It-tt for the mason to insert his 
trowel and hand behind the ledger-boards or flooring-strips and 
reach every inch of the space between the stud?, closing it against 
the wind, if care is taken to bring tlie mortnr well up un the studs^ 
with almost the impcrviousness of a soliit brick wall. 

The muanet' contractors, not in conseijuenco of scientElic dediic* 
tion, but from desire of gain, often caricature this mode, by latliing 
vertically directly on the boarding, without (he interposition of the 
first laths, which are essential to give a key to tbc mortar, and pre- 
Tent it from cracking off. Some even content tliemselves, if not 
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obBomn], villi limpl}' -fiirefiiUiif; Uie mortar on tbe IxMinb, wiihoui 
U/ Litiiin^ wkkiever. It bt»/3 in pUce just about long enough (or 
tlw coai»ck>r to get Uis pay. 

Am fooa as the bacb-plasieritig is Jooe, it U araol in good houie* 
la Bi>[iljr some precautions against the spread of fire and lliu passage 
of imU anil ini(.« from nxim to room. ' In the cellar, 
ibe mhole ipani between the beaim, Irara the sill Ic 
the iiuiur siirfMU ot the wall, slioitld be Riled in BoUd nith hrklc- 
work and uiorlsr (Fig. 131), up (u the iindcr tide of tlie floor-boards. 
Thia not onl) kvt'pt out llio o»l<l wind whiuh would olliorwisc blow 
bnsiT IlIn>l^„'h tlietliinka about thi; sill aod the bate-mmildingii of 
t^ henuc, but renders it impossible for rnts and mice to clitnb on lop 
ot tbe wall and gnaw tlivir way through the floor above. If llie 
nUar ceiling is not jjastcrol, the space Above the girders sliouM be 
bricked up, for the same reaton; and in any case a brick [uirtitloHi 
■1 ifitt.fonr inclicK thick, ilionld be built, in mortar, on lop of every 
gilder, between tlie studs of the partition wliiob re»t on it, ami ob 
ibe bcMli of all pnrtilions above wliicli cross the bcnms, U> A height 
al two or three inches above the Hoor. By this means the hollow 
|p«ces between the ceilings and doors are divided u|> into compare 
BWBts, erlfveliiall}' ciiltiiif; off the cireiihuion of oulil air through the 
floers wlilcli is so much to be fuared in country houses, while lire is 
pretcotcil from spreading bt«rally between the beams. It is very 
derirabic also to fill in with brickbats and 
■ortor between tlie studs uf all partitians, 
at about hnU ilic lieiglit of the room. This 
"lire-stop" bolt nia^ be tiiid on top of the 
bridging, noil will cluck tlie upward course 
ot Arc, forcing It to bum nut into iho open 
01, where it will he discovered and menns 
applied for cxlinguiihing it. The principle 
llauuld never be hut liglit of, that the chief 
danger from fire in dwulling^iousei comes 
tram allowing it tu find its way into the 
foodeii tube), lined with bristling splinters,. 
Warly at iafluDmable as linder, which are 
[onuMil by the interior aitrfnevs of thu Ullia, studs, beams and Uuor- 
tai-bowrla. In these the flanics creep, undiscovered nntl luacce» 
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sible, through and through a house in which no device is adopted for 
intercepting the communication between such air-spaces, until they 
gain strength enough to burst out fiercely in a dozen pUces at once, 
and the building, already permeated in all directions by the fire, is 
quickly destroyed. 

To carry out the system o£ protection with any thoroughness, the 
spaces between the outside studs must also be divided into sections by 
incombustible material. With braced frames this can very well be 
done by means of brickwork laid upon the girts, but for balloon 
frames it is necessary to nail in short pieces of timber between the 
studs at the level of the ledger boards, to build upon. A good body 
of masonry should then be formed on top of the plate, filling the 
whole space between the rafters to the under side of the roof-boards. 
This is an invaluable defence against cold air as well as fire, both of 
which usually find the cornice a very vulnerable feature. 

One other point remains to be guarded : the hollow space around 
the chimneys, behind the furring of the breasts. The easiest way 
of obtaining a partial protection is to lath and plaster the ceiling from 
the cliimncv outward as far as the breast will extend, before scttins: 
the furrings. A single rough coat only need be used, and it can 
be put on at the same time as the back-plastering, so as not to cause 

any delay. If stout wire-lathing is used instead of 

the ordinary kind, and especially if the mortar* is 

"gauged'' with a liberal dose of plasterK)f-Paris, a very efficient 

protection is obtained for the portion of the building most exposed 

to danger. 

Where the owner is disposed to incur a small extra expense for 
the sake of additional safety, wire-lath will be found generally of 
great service. Only the heaviest kind should be used, as the numer- 
ous furrings necessary to secure the more flexible varieties detract 
very much from its value as a protection against fire. By applying 
it to the surface of chimney-breasts and the under side of the stairs, 
great security is gained for the building, at a tritling expense, and it 
may be employed also in the ceilings and walls about furnaces and 
stoves. Where it is necessary, as it will sometimes be, to carry hot- 
air pipes in partitions, the lathing over them should always be of 
wire, unless the pipes are made double, or a casing of bright tin put 
all around them on the wood-work and under the laths before plas- 
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Urliij;. Sy first nailing laths verliuall/ on the studs, Llic wire tan 
lie bmii^lit to tbe t%me plaai: as the wooden laths on emJi tide, anil 
thu piuicring vili form an uiihroken surface. Even tbo cost of 
amitig wir»-litCli tliraughoiit a dwelling-house is in amoy ways repaid. 
J(E {tower of holding the mortar so (irmly that no amoiinl of force 
wiP ilet>cli it, to which, far more than to its incoiiibiisiLhle imitcrial, 
It owe* its efllcienc]' in roslstiog flrr^, is eiuallv valuable in maintnin- 
Jng » p«rfect curfacu for walls nnd ceilings. Such ploAterin^ docs 
notcnck or sag; no violuni^c ctin £linku it down, and the most pro- 
kiitg«<l walcr-w>aking ln-ih to detach it from tjie laUiin};. 

Wliellier ft Iarg«r or emalli-r number of lliu><e |in.'t'HiiIions shnll 
bo BiJoplcJ will depend on circumstances. If wooden lailia nvo to he 
OJicd for iho plastering, the superinlendent should see 
that they have tho requisite number of nalllngi, am] "l^^T 
are not )diLccd too nuar toother. Three-eighths of an 
inch ia the proper distance : if nearer together the mortar will not 
be effoetuallr presseil through the iDtcrvals, and its hold nill bo fee- 
ble: if farther npnn, it will not, while soft, sustain its own weight. 
It Uwnial (uspucifythnt the joints dinll be broken every fix courses; 
bill it is mucli bettcT and not much more troublMouio 
lo break joints at OTcry course : and eare thoiild be " jo'ni^* 
Ukan that the laths above the dour and window licnds 
utvnd U 1ea«t to the next stud bej-ond ibe jamb (Fig. 13-2), so aa c« 
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pt«TeM the radiating cracks which nre apt to apjwttr ut lli»t point. 
Wfaerw llie men niort with n smnll spnce, whoae longmt dlreciiun it 
ptrpviiiltciiUr lo that of tb« oihvr lathing, tlmy are apt to fill it up 
villi Ulhi Ml at right angles with the rest. (Fig. 13.1.) Tlitahould 



156 BUILDIKG SUPERDnXNDSKCE. 

never bo permitted, as cracks are sure to appear afterward where 
the change of direction takes place. 

After the application of the laths, if not before, the f urrings should 
be verified. The soffits of dormer windows, the under side of stairs, 
and all angles of walls and ceilings should be carefully observed to 
see that their surfaces are plane. Chimney-breasts should be tried 
with a carpenter's square, to make sure that their external and in- 
ternal angles are right angles, and the position of the chimney-breasts 
in the room should be finally examined. All laths which show knots, 
portions of bark or stains should be pulled off on the spot and thrown 
away, and their places supplied with fresh ones, as such imperfec- 
tions in the laths are liable to cause discoloration in the plaster over 
them ; and for the same reason all brickwork which is to be plas- 
tered should be cleared from soot, tobacco juice or soluble defile- 
ments. 

At least seven days before the lathing is finished all the mortar 
for the first coat of plastering should have been mixed and stacked ; 
if possible in some place outside the house, since tlie evaporation 
from so large a mass of wet material, if stored, as is often done, in 
the cellar, causes the timbers to swell through dampness. The lime 
must be of the best quality, free from every trace of underburnt 
"core." If the lumps, on being covered with water, slake for a time 
with considerable violence, but leave a residue which must be 
crushed by the hoe, the whole shoultl be rejected. Such lime, unless 
it can be stored long enough to insure this conversion of every por- 
tion not absolutely inert, will surely cause the plastering made from 
it to blister and " chip-crack," sometimes after the lapse of months; 
and with the best lime it is unsafe to put the mortar on the wall un- 
til it has " cooled " for a week or more, to allow all the particles to 
become hydrated. The ancient method, by which the slaked lime 
was stored in pits and not drawn upon for use until after one or two 
years' seasoning, unfortunately has become obsolete. 

Loamy sand is nearly as much to be dreaded in plastering as 

underburnt lime. Some varieties contain particles of compact clay 

_ or soil which will, after a season's dryinjj, assume a 

Sands 

powdery condition, expanding as they do so, and 

throwing off the mortar in hundreds of little pits, like the scars of 

tmall-pox. Moistening the sand and rubbing it on the hands will 
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UralBht-adi*. 



OMiallf ^ive tnJKcieni eviilcnc? of ibe presence oE loAm or c[a>* li/ tbe 
■tniu wliicli it lenvei on the skin. 

After weing tiiut tbc morcnr la well piislied ihrough llio laths triib 

tlie troweli, eo w la betiil over on tlie in»ii<]c, the strniKliTncss of llie 

I ui^iei.lKitbTerticillAnd liomcmlnl, bvtwci^n vulh nndcuiliugg aiiould 

I b* iwlilaoujly criliciKt-'cl. In two<oM vrnrk, Biit-li as 

f la luad ibroiiglioiit llio En^tura Status fur dwollint;- "'' 

moilcriite colli, tbero i« no ojiportanity for bringing tUa 

\ wartmst to n true plnne after the first cont is on, slave 

f tlw tVMadot "akimcont " is amt^re varnlsb, loss thnn 

^ of kh iocli in ibicknvsj ; and t)ia pluKtorcr mnat use his judgment 

ifl UTing on just mortar unougb to (ill out to tbe line aft^r it bns 

bra) troumlli'd down enough to foren iC >*ell through tlie Uths. Tliis 

nMoiu be dnnc witli an/ accitrsu;y over the larger 9iirfacoi>, but 

L by appljring tbo long, tbin-«il^ board nhicb in iimd to Tinlith agnin^i 

I tin angle hauls as m mler, Any reasonably careful 

a CM insure tbc stmighinnsx and occuritcy of the 

•nen, and this stiouid b^ Insisled upon, as tbe oyc imincdlatcly 

!MU any irreguUricy in the angle between nails, or butweea 

dw «>n and eeilin;;, while ineqiinlities of the intermedia(« por- 

> are unnoticed. With three coats it ia easy to obtain snrfncei 

I abtolDtdy plane, by using the proper means. Tbo Three 

MTMch-Coat is to be Tnry strongly troweliej and wol! Ooat-work. 

MTAlfdiod np with a tort of comb, mailv of sbxrpvneil lath<i. nailed 

In a row t>n n •lick. Afl«r this is thormigMij dnj, •' screeds " slionld, 

for a lifHi^lads job, be run all around tlie mn 

of tbe nriling, i»niusting of ulripn of mortar, i 

fully put uD, an-1 brought to a perfectly plane and borlxontal surface 

by Qieftnt of the spirit level and a long straight cilgc, applied ding- 

! ouolly acroai tha eomurs a< well as along each strip. 

>r a aBiBlI eclltn^ this will be sufficient, but a large 

,B rnquiros intuno(<diuti.> screeds, brought accurately to tbe plane 

r uf the fim ones. When the screeds have hardened a Utile, the 

I apwuii between lliein b (llli'd with "brown" mortar, which is easily 

nude perfi'ctly itvan by means of tbe straight-edge. Similar screed* 

ibonld be foriiicd in the vertical angles of the room, plumlwd, nntl 

the Intcrmcdiai*! spaces filled np (o n plane surfnce. If cornices nro 

to be ruti, whidi is always iluoe boforo the lost coat of plastering, 
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the angks snould be as rough as poaslble, to give tbem suflicient 

. " key." The superintendent should stujy the profile 

OornlMs. ^f jjp proposed mouldings, and if a large mass of 

mortar nil! be left in the angle, he should order oails to be driven 

— — rr-^ to hold up tlie coarse mortar whifh is 

^j:!^-'']^;^ " ' '"' ' used for "dubbing out" the coruicc 

^•j- iiOi before the fiuer material is applied. 

(Fig. 134.) Somecare is necessary to see that the final coat 

of plaslefing is not injured by freezing in winter or by too 

rapid drying in summer. From the latter cause the finished 

* -rk near the windows is oflen found covered witli a net- 

wwl. of minute cracks, particularly on the side which the 

winV Bthikes, while a breeze barely at the freezing point 

. will cover tlw ntrface with radiating crystals, disintegrating it so 

that on tha«i> i^ again the mortar will scale oS in patches. The 

itffledy for this is to keep all openings protected by 
acreenvi . . - , 

ttmporary windows or screens, consisting of wooden 

frames covered with cotton cloth, well fitted to tlie openings. 

Whether the plasterer or the carpenter shall provide these screens 

or temporary windows depends on the terms of their respective 

specifications. Perhaps the best way is to require the carpenter to 

supply and fit them, and the plasterer to sliift tlicm in sucli'a way 

as to secure his work against freezing or unequal drying. 

As soon as the plastering is completed, the plumber must he 

■ummoned to finish his work, so as not to delay the joinery. The 

pipes will bo first put up, and the superintendent must thor- 

oughly understand the purposes and requirements of 

each. Cast-iron pipes sliould be carefully scrutinized, 

especially where cut or broken. The metal, unless double-thick 

pipes are specified, will be very light, and in the poorer makes it is 

apt from careless canting to be much thinner on one side than the 

other. If any particular kind ia called for, or known to be good, the 

shape of the " hub " will serve to distinguish it, if the name of the 

maker is not cast upon the pieces. In some places iron 

pipes are coated with asphaltum at the factory, for the 

use of thebest plumbers; the inside as well as the outside being treated. 

Elsewhere, painting with red lead is customary ; and this is generally 

confined to the outride, as the inside would won Ion iti coating. Th* 



asphnltum fortos tlic hen corering, hut wlmlcver \s uted, the exterior 
of the pipes masl lie poinpletdy coated before Ihej- are brought to 
the Iniililiog. The juinls ibould b« iniuK- with oakum, not pnpcr or 
shavings, driven in tigbl, and dalshed with melted lead, wliiuh, a/!er 
the pipes ar« fixed in position, is to be tliuroii;^bly onllce'l ull around. 
It is aftun uiich uioro eonveoiant to calk the joint before sci'uring 
tlie pipes in jikcc ; but the jarring so occasioned may loosen the lead, 
auil where tlie joint will be accessible after lixing its completion 
should be deferred. It must not be forgotten thnt the melted lead 
by itself will not make a tight joint, since the shrinkage of the metal 
io cooling draws it away from the iron, and il must be forced again 
into coDlftCt with tlie calking iron, applied at every point of the cii^ 
cnmference. A flrsl-clnss workman will use three or (our pounds of 
lead for each joint, Oiling the hub completely, and showing the 
■Darks of Iho tool oil around. Inferior plumt>crs leave a little space 
above the lea^l, whicli tliey udervrards lill up with putty, smoothing 
it neatly, and, if posilblc. gutting u (xM of paint over it before the 
■u[ierinlvndent comes. Such joints will pass the test, but are not 
durable if there has been any carelussnesB in calking the lead. In- 
tentional swindlers till lliu joint with shavingii, paper, mortar or any- 
thing else which happens to bo at hand, and daub the lop over with 
putty, ur prrhapB with a little lead, ludliid out of tlie pot. 

Kust joints, of aal-ammuninc and iron turnings, are sometimes, 
tlioiigit rarely, used. They are said to be light and durable, but 
llkfly, if unskilfully made, to bnrst the bub by the expansiou of the 
man- All iron pipe should bo very strongly supported, by Iron 
atraps and hooks, never by wires. 

Lead pipes should be exotnined as deiivered. The weight per 
foot, ur the letters denoting the same tlung, are stamped on the ends 
of theeoils: afl*!r the lengths are euluff.it is more 
dilllcult to ascertain wherher they comply in weight 
with tliu rcifuircments of the specificution. Most lead manufactu- 
fiiTf furnuili canls showing the thickness of metal corresjionding lo 
k {^ven weight for eaeh calibre, but the saw used to cut it spreads 
<Mt the Inail, increasing the apparent thiukness. In general, lead 
rapply^ip«B, unless for a tank or othar very lljjhl pressure, should 
mt be Itti than ^ of an inch in thieknens of metal. Waste and air 
ptpu will be Uttle more than half of this. There is suuui diflervnca 
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in the quality of lead pipes, but it is not easy to detect it except, by 
analysis or the test of use. Honcj^-combed or corroded pipe, and any 
which shows unequal thickness of metal, should however be at once 
rejected. 

In certain localities the seamless brass tubing, drawn over a man- 
dril in the same way as lead pipe, is much in favor for plumbing 
work, and where the pressure is very heavy or the water is so soft 

« ». as to attack lead, it is well worth the additional 
Brass Pipes. ,. , . 

cost, which IS not usually more than ten to fifteen per 

cent on the whole amount of the plumber's contract. They can be 
had either plain, or coated inside and outside with tin, or, for use in 
conspicuous situations, plated with nickel and polished; and coup- 
lings, unions, bends, tees, and all varieties of cocks and fittings are 
furnished to correspond with each kind of pipe. Where the brass 
tubing is employed throughout a house, it is common to have the 
cold-water supply tinned inside, while the hot-water, which is not 
likely to be used for drinking, is conveyed in the ordinary kind. If 
there is no danger that either brass or lead will be corroded by the 
water, it is not unusual in the best work to make the hot-water pipes 
only of brass, using lead for the others. In this case the harder 
metal possesses the advantage that if properly put up, with the 
angles left free to move a little back and forth to accommodate the 
expansion and contraction of the pipe between them, it is not inju- 
riously affected by repeated alternations of heat and cold, which 
with the inelastic and ductile lead first stretch the pipe by contrac- 
tion, and then, as it does not possess elasticity enough to recover its 
shape, cause it, on being again extended by the passage of warm 
water through it, to sag down between its supports, this effect in- 
creasing by repetitions of the cause until the undulations of the pipe 
become sufficiently pronounced to retard or stop altogether the flow 
of water tlu*ough it. AVliere, however, the brass tubing is tightly 
confined at the ends of a long line, the joints and fittings often be- 
come strained and leaky by the contraction of the pipe in cold 
weather, since the very rigidity of the metal prevents it from accom- 
modating itself, like ductile lead, to the force exerted ui)on it ; so 
that it should be used intelligently to obtain the full benefit of its 
good qualities. One last precaution should be observed : at the com- 
pletion of a piece of brass-pipe plumbing all exposed portions of the 
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metal ifiiiBi he varuUlied with a good coat oC ^lidlac, or it will aoon 
become corroded anil iineightlj-. This may be made a portion cither 
tt tlic plumber's or the paiater'a coatract, but unless Uie duty ia 
ilittincU; imposcil upon one or the other, it will be na^letted. Pniat, 
vhich wna ooi^e generally applied both to braes and lead pipes, a 
best omtlled milest required for appearance. 

As a clieap substitute for brass tubiog, where there is reason to 
fear the corrosion of luud pipe from the softness of the water, or its 
bursting from tlie lieavj- pressure under wliich it is delivered, iron is 
Bfico u»cd. galvaniei.'d or euamtttled in various ways. 
Il may bo obtained with a lining of pure bloufc tin, '»«'|;«|^t-"on 
fomung a very strong and pure ehannel for water, 
and glass'liaed iron pipe is rometimes used; but the ordinary coat- 
ing ia one of coal-tar or paraffine enamel, ^ving a shining hlnek 
Furface. A smooth, red covering is sometimes seen, which is said to 
have a base of vulcanized rubber. Whatever may be tlic protecting 
mt-dium employed, the unions, bends, and other fittingi are treated 
with the same, and if well put together the water nuwhcrc comus in 
contact with the metal. The galvauiKcd or zinc-coatud pipes am 
more expensive than those merely enouielled, but more durable, uu- 
IcM in acid waters. 

The same precautions against the straining of the joints which 
are n«ce*sary wiib bru«» pijies should be obacrveil witli those of iron. 
Uuroovor, iron being a very rapid conductor of heat, cold-water 
lupply-pipet of that metal will in warm, sultry weather comlense a 
great deal o( walvr upon tlioir surfaces, which trickles down them 
and may in time cause serious injury to paper or otiier decorations 
beneath- Where there is any risk of lbi> the pipes should be en- 
CAMd In a tubing of «inc, wliich will catch the con- 
dfflfwl drops and conduct ilium to a place of safety. 
Tlua U crcn done with lead and brass pipes in city work of the best 
cbanuior. Wbure coitly decorations or papers arc in danger of 
being injured by a |iuMibl« leak, it in always advisable and is gen- 
erally r»i<ured of tho plumber by the best architects, to enclosu all 
fapply-pl|i«< In ilno tubes which will retain the jel (rum a lead pipo 
bitrsl by Imciiing or waler-liaiuiiiur, or the dra|is of condensed watnr, 
and ooDdncl them to a safe oiiilci. 

'iliB coar*e Joint* and fastening of all the pipes, whatevrr iheir 
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material, should be carefully observed, and the hand of a skilful and 
conscientious plumber will be more quickly recognized in this than 
in any other detail of the work. Such a man can always arrange 
his pipes so that they will fall naturally into their proper places, 
without that dodocin^ over or under each other which characterizes 
the " botch's '* work ; his lines will be perfectly straight, and all hot- 
water pipes separated by a small distance from the cold, to avoid 
loss of heat from one to the other ; the supports will be neatly put 
up, at equal and small intervals, so that no sagging of the pipes will 
be possible between them ; and all will be laid with a continuous fall 
toward some faucet by means of which the water can be thoroughly 
drained from them. 

Boards should be put up by the carpenter, well secured to the 
walls or ceilings, wherever pipes arc to run, and similar ones fitted 
in between the beams where it is necessary to conceal them between 
floor and ceiling. To these boards the pipes must be attached at 
intervals of about four feet where they run vertically, two feet where 
they follow the underside of a ceiling, and six or eight feet where 
they simply lie on a horizontal surface. Horizontal pipes should be 
secured by stout brass bands screwed to the boards ; and where sev- 
eral pipes run side by side, a tirst-rate plumber will separate them 
far enough to allow screws to be put into the band between them. 
Vertical pipes, in order to prevent them from creeping downward by 
alternate expansion and contraction, must be fixed in place by hard- 
metal " tacks ** soldered to the pipes and screwed to the boards. 
All joints in lead pipes should be " wiped joints," excepting only 
those connecting the couplings of basin, sink, or other wastes to the 
pipes, which cannot easily be wiped, and do not require to resist a 
pulling strain, so that a *^ cup joint " is sufficient. 

Brass and iron pipes are connected by means of unions, or short 
pieces of cast-brass, tapped at each end to receive the screw thread 
cut on the lengths of tubing. In the case of brass, the joint is covered 
with red lead before screwing up. Enamelled or galvanized iron 
fittings may be put together without such luting. 

If the workman shows a disposition to neglect any of these niceties 
of his art, he should be always under suspicion of greater errors, and 
should be watched to see that he does not fasten the pipes in out-ot- 
the-way corners by means of hooks, or leave them suspended from a 
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. ceiling, or between beams, by attacUmeoU so far apart tbat alternate 

expaosaon anil controctioD will in time cause thein to aag ilovrn, forni- 

liollow from whith ibe water cannot be drawn off, su lliat the 

s likely to burst llicre if tbe bougo sboulJ l>c left vacnat in 

I frviiin" weatbcr. The opposite fuult, of allowing tlic jiipe to lake 

n upward liernl in any part of it« courve, 19 still moru to be avoided. 

loci) A beuil, nbeibur ac't^iilcnial or made by ignorant intention, soon 

bvcomes 5l!i-'d witb tlie air always carried in bubblus through the 

I WBler, forming im " air trap," which may stoji the passage of water 

rely unlesa relieved by opening tbe pipe at the highest point of 

I tlio curve. 

The number and courses o^ all the pipes ghould be minutely 

{ deicribud in tlis specificatiun. If, however, no dtitaila are given, aa 

:» ImppcQ), tlie superintendent will have a little diliiculty in 

I dwidiitg upon the arrangement nkicb he can requiro nltli juxitce bolb 

o tbe plumber and tbe t>n>ncr. Much depends upon tlie custom of 

the tocality. and somutblng u1^ upon tliu price for which Ibe work ii 

I tobedoue. la Uassachuseltn or New York, for instance, under a mere 

Agreemeol fur a " llrBl-cltiss jub," with an (flequale consideration, the 

I plumber would bo eKi)e(ited, without special orders, to provide slop- 

I cock* in convenient positions for shutting off both liol and cold water 

I from uny part of tku houso at pleasure, and draining the pipuf ; and 

I In &Ua9achuM!tls ho should arrange n lank in the roof, itsulf supplied 

by a rising main and ball-cack from tlio regular house service, to 

iBtaio water fur the co[>pvr bath-boiler bulow, and carry up an 

upaiujon pijto " from the highest part of the hoi-waier system to 

I tht* IMik, titrninj; over the edge just above tho waler-lioc, so oi to 

I «Iki«r cteam ami frotli to escape frccdy; and in any large city he 

I iroald bo oxptu^lrd to put separate traps under alt fixturi's, onil'pro- 

e air>pip«i> to tlic aamc, and to carry up such oir-pipcs, as welt a« 

\ ttie Mll-piptfi, above the roof; and finally, to fit up sviiarati! ciaterna 

I liver luoh walurflo»«!t, (or their exchwive supply, and place "safes" 

I u( «b««t>Jead turned up around the edge under all plumbing llxturea 

■ tlui first alary, or over furnished rooms in the basement, with 

wwle-pipu* of their own, emptying over a sink or bath. 

lutos for the regulation uf plumbing work, 
ilituled aulhority must be taker 



Id Slatui which havn si 
IIm proriiiuua of the t 



atw«oc« of specilifl details, as forming a part of the plumber's oontravU 
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In New York and elsewhere, however, it b customary to fit up bath- 
boilers without the tank in the upper story, rising main and expansion 
pipe, and in some small country towns the old-fashioned pan water- 
closet, supplied without the intervention of a service cistern by a 
valve with branch from the main pipe, is still used in the best 
ordinary practice. 

In cases where a first-rate job is clearly not intended, the superin- 
tendent may still do much by attentive study of the subject to secure, 
if not the best possible arrangement, at least a safe and strong one. 
When the time comes for setting in place the sinks, baths, wash-bowls 
and water-closets, this special knowledge will be still more necessary, 
for without an adequate and constantly advancing acquaintance with 
the improved apparatus continually placed upon the market, he can 
neither criticise justly that which may appear to him valuable or the 
reverse in the construction or fitting up of new appliances, nor make 
suggestions to meet peculiar needs. 

Such knowledge must, however, be gained from technical books 
and journals; a general treatise can do little more than indicate a 
few m^n principles ; as for instance, that waste and supply pipes 
should, for any kind of apparatus, be large, to insure speedy filling 
and discharge, and the construction as simple as possible; that 
putty joints, rubber washers, and inaccessible floats, check-valves or 
other moving parts are to be avoided : and that the ideal of every 
plumbing appliance would be a solid glazed stoneware basin, in one 
piece, supplied by a quick and copious flow of water through a large 
pipe, and discharged through the shortest possible waste-pipe and 
ventilated trap, all connected with calked lead joints, into a thor- 
oughly aerated, porcelain-lined soil-pipe. 

At present this ideal is far from being fully realized in any form 
of apparatus. The nearest approach to it is perhaps the ordinary 
wash-bowl well fitted up, supplied through half-inch basin-cocks, and 
drained through l^inch pipe, with a l^inch S-trap, ventilated by a 
pipe of equal calibre carried to a main air-pipe. In such an appa- 
ratus there is no cavity to collect foulness ; the supply is suflicicntly 
copious to wash the sides of the basin by the force of its flow, and the 
calibre of the waste-pipe, including the trap, being uniform, the im- 
petus of the discharge through it is nowhere checked, so tliat the 
friction of the swiftly passing water scours away the slime which 
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ciillcct upan tlie inner aurfiii^c of tlic pipea. Xext lo the 

tin cuiues tlie |uiniry-eink, ur " Uish-nadier," whivL is lisrdl}' 

« tlian n large Lnsio linvU with tinned copper instead oF porcts 

], and dtainvd tliraiigh tliu saniu size ot pipe and ventilated S-trap. 

a YeutilalioD of tlitsse trapiii a,i well as of all similar ones 

i«r uauU undur bowU, tiakt, batha, waI«iH'!iiscls or ol.bur np]<n- 

Uit. alliiuiigU Absolutely essential lo llietr secui'Uy as 

' " ,Tt so universally Jcmandtd by arclii- *"VII,'pif" °' 

Mtit, (ir practised by plumbers, as it »bould be. Many 
d varied expurimeuta witli glius and other traps liav« conclusively 
fh that ^he vilvvt <jt tb.? diicliari^e of K volunio ot water tlirougli 
e ot tlie onlluaj-y foruii even wliun ventilated, is not, aa a))pBr- 
f It would be, to leave a residue of liijuid in the bend, ataniling 
k the luvel of tlie bottom of tbo aiillot-pi|>e (Fig. 13:>) but ii rather, 
jr tho iinputus given to the wbale moving mam, tu tlirnw a i-onfid- 
ile {wriion of tlie residuary water b«yon<l tbe bend, a portion 
ling off tlirougb tbe outlet into tbe ilrnia, while tliu ri^inalndtT 
■ bacic into tlic trap, partially riliiii" it. (Kia. 13G.) _, ^ 
en tbe trap i» imvuniilult^d it very freijuently liap- 
11 llial tli« colunin of water pawiing ibrougU it, and over the outer 
up a Hipbuu-llke aeiion, the rleinj; [lorlion of the bend 
(I niiurt leg and the di»- 
g UiB long leg of the 
Vlten this Iinp|>ens, all 
« iraiur in ihu trap U draivn over 
r tbe main ttrmiui. leaving it 
ttt>ty (Fig. 13:), and of eouriw 
Ntniylng It« eOli-ai'y ae a i-hecic 
the aw-VDl of foul air- Another r^ 
I fif ilplion action U proibieed 

blarabln ijuonthr of walrr li 

rown down any waitc cunnetrted 

I iht) dnunagu tyttcm. The 

n waste Wing ClUJ. or nearly so, by the charge, is partially ex. 
Uiatvd of air by the pansagu of Uie water through it, and urik-es tlie 
U supplied ibroiigh vuntllal ion-pi pea tbe exlornnl ntroo- 
'|U toKQ Ut way la through tlie Irsps, pushing tbe ivaling- 
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water belore it, And leaving them open. To guard agaiost th« 
splashing of water over the bend, it is now common to make the 
trap v«ry deep; and siphonage of all kinds is prevented by ventil- 
)□ pipes attached to 
every trap at the ODtlet j 
I bend, and carried 





ise ventilation-pipes of ' 
I smalt calibre, but cxperi- 
Fi(. lis. enco has sliown that air Fi(. i]7. 

passes BO slowly throngh small tubes that nothing less than 1 J inches 
is now used for small traps and 2 inches for larger ones. 

I( nothing but clear water passed tlirougli house-traps, the science 
of plumbing vrould bo an easy matter, but it is not so; and nith 

the kitchen fink serious diflicnltics begin to appear. 
KItchan Sink*. „, , , , . .. , ° , ,. , , 

The supply, by means of two " bibb-cocks for hot 

and cold water respectively, is simple enough, but the waste lL'[uid 
from the kitchen inevitably contains more or less tally matter, gen- 
erally in a melted stale, and suspended in small globules in the 
water, wliich during its passage through the cold pipes ia chilled, and 
the floating particles striking the metal walls arc congealed, covering 
them wtlh a tallow-like coating, which gradually thickens from accre- 
tions of siniilar matter until the pipe or siphon trap is n<!arly or 
wholly choked. The coating is very hard, so that no Hushing, liowcver 
vigorous, can do more than liaslen the passage of tho liijuld and re- 
move the inevitable congelation to a point farther down the jiipe, and 
tlie only way to avoid certain ultimate stoppage at some point is to pro- 

_ vide a reservoir or catch-baain on the line of discharge, 

Qroaaa-Trapa. ... . ■ ., , i , 

nliicli may retain tlie waste r aters long enougti to al- 
low the grease to congeal and separate, and shall at the same time 
be large enough to contain a certain accumulation of solid matter 
without obstructing the walei^way, and in a position where it can be 
readily reached and removed upon occasion. Tears ago this was 
done by placing at some distance beyond the trap of the sink, either 
in the cellar or out of doors, a " grease-trap," consisting of a small 
tight brick cesspool, into which the wast«-pipe from the sink emptied, 
while a second pipe, inserted in the wall of the grease-trap with its 
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[ moulh turned tlownwnril (Fig. ISS), so as to prevent the entrance of 

I floatlnf cnkea of fat, carried the overfloiT Ut the drain. This form 

I o( trap wniild often hold the occuniiilated grease of many monthi, 

bill oSunsive dccom position was npt to nppenr in the ikceompanying 

lifpiid, and it is generally preferable to discaril in sucli a situation 

both the S-trap and tho little cesspool, flubatiluUng ft dovice which 

combine! the Advantages of both in the flhape of a " round trap," 

•howa in section ia Figore 139, and provided with a largo brast 

I tnip-Mrcw at tho top, which can be opened whenever necessary and 



-yJl-iiilv,, 




r the fatty ceaiing rcmoveil in a few moments. The round traps eom- 
I monly nnHl for einka are of lead, six inches in diameter, with a -l-inch 
I brnis trail-screw inserted in tho top. Until nearly filled with grease 
I tlwy are not easily eiphcincd oal, and for this reason it is not cns- 
I tomarj> lo provide thoin nith air-pipes, but the advantages of veniil- 
1 Uing all waste) are so great that no exception should be made in 
Huit (xvor. 
Waolk-trNy* ore usually drained through a round trap of the same 
[ liie and conrtruction in order to prevent any posst- _, ^ _ 
[ bto itoppage of the pi|>es by soap, which will tn time 

n a, greasy coating upon ihcm. One trap is enough for a set of 
^ tbrw or four trays. 

For tho kitchen ninks themselves no perfect material has yet been 

I Introduced, Small ones ore made of white earthenware, which U 

T kU that could Ihs ilesirud, but specitneni up to 7i" X 48"> the average 

•Ixe tor good house*, are hardly yet attempted, and soapstone (orini 

pcrtiapi th« best lubitltute. Earthenware wash-traj'* ue however 
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Bath-Tuba. 



already in use, and though they are more expensive than soapstone 
the forty or fifty dollars of extra cost is more than repaid by their 
beauty and cleanliness. Iron sinks are much used and are made 
either plain, galvanized, or enamelled ; the galvanizing being, per- 
haps, the most durable finish. 

Bath-tubs can be had of earthenware, but at considerable addi- 
tional expense, the ordinary material being tinned and planished 
copper of suitable thickness. Fourteen ounces to the 
square foot is the weight which will generally be used 
unless the specifications direct otherwise, but copper of this thick- 
ness will soon "cockle" and become uneven from tlie expansion 
caused by hot water flowing over it, and sixteen-ounce metal is the 
lightest which is suitable for a first-rate job. Some architects re- 
quire eighteen-ounce copper, which gives excellent results. The 
best manufacturers of baths stamp the weight of metal on each, so 
that there is no difficulty in discovering whether the contract has 
been complied with in this respect. 

Every bath should have its own ventilated S-trap, separate from 
all other fixtures. The old custom of running bath or basin wastes 
into water-closet traps is obsolete among good plumbers. The sup- 
ply may be brought through plain bibb-cocks (Fig. 140), bath-bibbs 

(Fig. 141), or by means of various 
forms of combination-cocks or 
concealed valves. It is quite com- 
mon to arrange the cocks for hot 
and cold water behind the end of 
the tub, operating them by means 
^' ' of small handles above the cap- '' 

ing. Inside the bath is a single small mouth-piece through which 
the hot and cold streams issue, mixed, at the temperature desired. 

The supply, may be placed close to the bottom of the tub, so that 
it fills noiselessly, but in this case, unless the ordinary pressure 
is very considerable, a check-valve should be put in the cold water 
supply, or the opening of a cold-water cock in a basin or sink on a 
story below may, if the main supply should happen to be cut off, 
draw water from the bath. 

For sinks, wash-trays, basins, baths, slop-hoppers and similar appar 
ratusy the supply of water is drawn from tlie pipes by means of 
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n'ing mucli id form and rhape, and etill r 
n rule, the particular variety to be empluvi 
I menlioneil in the specification, but there are son 
■rchltiH:!*, &nil many more builder?, nho are content to regard tlm 
vholo science of ptuuibing as a mystery beyoaJ llieir couipreiicnsion, 
nil ettlier jiiu» wee «iii;U Uetikils in aileuce, or specify the dienpcst 
nriuties without regiutl to the conditious under which they are to be 

All the forms of cocks, however v&ried in appearance snd use, 

lielong to one or the other o( two great diviiioos, the " ground " or 

'•couipriisiiion " coclu. Tlie ground-cocks operate by mean* of 

3g, which isisM-'rled into ihvboreof the pi|», and iaitstlf pierced 

rill) It IidIv u{ nearly siniiliir aizp, m tliat when ibo phig is turned in 

Bch a way as to bring the liolc into the axis of the boru of the pipe, 

runs freely tlirough it; hut by turning it At an angle 

Srith its previous dir^tion (he solid part of the plug Is brought 

■atei^wflv and tlic tlow cut off, either partially or wholly, 

(iie length of the arc tlirough which it is turned. Fig- 

r* 140 and HI show two common 

lormsof grotmd-«-aclu, and Fi;;ures 

p4S. 143, and lU explain the ac- 

aof thf pierced plug. Figure HO 

KHridg a horitUDtal section of the 

ock when open, fully Figure US 

hrliM ]wnlnlly eluicd, anil Figure 

144 wben wholly closcil. Of cour.ie 

n RlBckncy of such a coik, which 

|fe «aaelly the same in principle as 

u koy of an ordinary gas-fixture 

Jepoidi upon the accuracy with 

pliich the plug is ground into it* 

cat; anil to pruvidu for tijihtcning 

I ttlet the surfaces have liccome 

U>rsi)eil by ilia frietlon of ii*c, it 

b OUtomary to taper iho plug and '*' 

BiiiMTt AMl-scrcw in the bottom, acting upon a strong iiprin^ intrr- 

J betwoan it and the main bwly of llio faucet, tn ilmt a turn of 

Ibis will draa thu [dug down further into its seat. 
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This answers very well with clean water, but many public ana 
private wells, reservoirs, pumps or other sources of supply deliver 
water containing small particles of sand, which are drawn into 
the faucets and get between the plug and its seat, where they soon 

cut small grooves which allow water to pass around 
coclSl^'^ the plug at all times, and the faucet drips persis- 

tentlv, notwithstandincr the ti^chtcnin'; of the set- 
screw. Such a leak cannot be remedied, except by putting in a 
new faucet, which involves a considerable expense. This difficulty 
is obviated by employing the compression or screw-down cocks, 
through which the water flows in a devious course, passing at one 
point through a strong metallic diaphragm, pierced with an opening 
of the requisite size, but capable of being closed by the application 
of a piston, armed with a leather or rubber washer, which is brought 
down upon it by a screw operated by a cross-handle from the out- 
.side. There arc many varieties, some employing a lever instead of 
a screw, and closing with the flow of water instead of against it, but 
the principle is the same in all : the current being controlled wholly 
by the movement of the soft washer, the grains of sand which may be 
present can do no worse than lie on the top of the diaphragm, and 
indent themselves in the leather as it descends upon them, without 
affecting the metallic portions of the cock in the least; and when the 
washer is worn away, as it will be in course of time, a fresh one can 
be inserted by any person in a few minutes. 

The only common form of apparatus which remains to be described 
is the water-closet, of which many varieties are used. The worst 

of these in principle is the ordinary pan-closet 

(Fig. 145), in which a pan, so arranged with valves 

and cistern or other supply as to be kept full of water when at rest, 

is held up by a counter-balance weight against the lower orifice of a 

stoneware basin. The pan, counter-balance and other 
Pan"Closet* 

working parts are enclosed in an iron " container," or 

" pot," above which the basin is set, while itself discharges through 

a lead S-trap into the main soil-pipe. Upon occasion the pan is tilted 

by pulling the handle beside the seat, as shown by the dotted lines, 

and throws its contents into the " pot," whence they find their way 

into the trap, and thence to the drain. The dashing of the soil and 

water against the rough inner surface of the cast-iron container 
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IS, fAinilinr to every on 
T oou is alvaj's ogi 
prks irlikli serves 
t in pravtiini 



of ooc^ftslnnnl cvit 

'nal in wliicli llto jiivot 

tilt tlic pnn. Tills inigliC bo tnado gns-tlglit, 

il Aftup tile putty which i» put n 



ftnt wttln; U Uraluin awny by tbe tnovcment of tliu pivot a 

iftl ]«&kBg« of eflbiTitiin tnko jilnce. Vsrions rlevicos linve bevtt 

tA (u loHVO ibis annoyance: the bcrt cIoHtU of tho kinil, lu 

wIiHTU tJwy aro nut y«t «o]wriii>ile(l by vury ilillorent appa- 

h««> lira containers cnntnclleil wllli imoolli white porocluin, 

U more easily watiii'd by ihc lliishlng water ; iinil oiticrs are 

with ventilating luliei, to j;ire n safu outlet to llio air of ilia 

itaiiwr; but tha aincliorniinn of tlie evil is only pnrttnl, and guwl 

work now admits no form of waioroloset whiub gives any 

Mt /or I'llth, iir opportunity for the generation of gns, on the 

side of the trap, iliis if ventilated as it should be, forming an 

taolnol barrier ogainht the return of any kind of vajwr. 

Obo taricly of iinpravoil elowt whioli Is now popular, and If wdll 

ado is (cry gnoil, siil)sl!liilir« for tlic bulky pan under llio lx>wl a 

nail nlva, wlik-h fita tlghily against the mouth of the bowl, and 



172 BUILDIXG SUPERINTENDENCE. 

holds the water in at the height determined by an overflow until the 
lifting of the handle drops it, and allows the contents of the bowl to 
escape into the trap. As in the case of the pan-closet, a receiver 
must be arranged under the bowl, to give room for the movements ol 
the valve, but this is very small compared with the container of the 
pan-closet, so that it is well washed by the passage of the lar<xe body 
of water discharged from the bowl, and its surface being enamelled, 
little or nothing remains in it to decompose. Nevertheless, it is 
necessary for a first-class job to ventilate even this small receiver by 
a separate air-pipe. If this is done, not only is the vapor rising 
from a possible contamination of its walls prevented from issuing 
into the house on the opening of the valve, but that from the water 
of the trap below is withdrawn safely. It is now usual, in closets of 
this kind, to make the bowl with a " Ilushing-rim," or 
c'ose^*^ *" pierced pipe formed in the earthenware itself around 
the upper edge. The flushing water enters this and 
if carried entirely around the rim, descending on all sides and wash- 
ing every portion of the bowl. 

This flushing-rim is an essential requisite of a good closet. With- 
out it the best patterns fail to give perfect satisfaction, and with it a 
very simple closet can be kept thoroughly clean. In fact, the prac- 
tice of the best architects is gradually iriclinins: to the 
use under all circumstanf-es of i\ closet consisting 
merely of a well-made stoneware bowl or "hopper," with either a 
stoneware trap made in one piece with it or a separate lead trap, as 
circumstances may decide, and furnished with a flushing-rim, witl^ 
out valves, pan, or moving parts of any kind. The supply is so 
arranged as to deliver a considerable quantity of water with a sud- 
den rush all around the rim, and the eilect is not only to wash the 
bowl thoroughly at each discharge, but to urge the contents of the 
trap forward with such force as to insure their passage into the soil- 
pipe, leaving only clean water to form a seal. Without the sudden 
and copious downward supply, filth is sure to be left floating in the 
water of the trap, exposed to sight and smell, so that hoppers should 
only be used where this can be insured. 

A fourth variety of closet should be mentioned. This is the 
plunger-closet, of which the earliest form was the Jennings patent 
(Fig. 14G), consisting in an earthenware bowl with side outlet and 
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frap bpncalli in ono piece willi the bowl. The water is retained in 
e bowl by a plunger, as shown ia Uiu fi'^ure, fillinj against n riib- 

raiiag. When iho [Jlunger ia lificJ by means of 
■ likDdli.', llie contents of the bo«t Haw out beneath ci^^'J^ 
ti Into anil over ibo trap. The ovcrduir in thu origi- 
k{ Jnaoln^ doret was arran^cil to lake jiUt'e iliroagh the plun^iT, 
ow for the pur[)09i', but efllovimn from timtli-fs 
biUidi mt-;lit be liuatin^ in the traj) pas^eil readily up tbroiigli llie 
M BTCUUe, and cseaiiud jnlo tiie room lu-oiinil the handle bv whiili 
« planger was moved. 




The ■npply was dellvcreil tliroii^'h a ik-licaie vnlve, whieli required 
a he aiJ]uKl«J la tlie pressuro for oncb elosei, and whero lliis was 
irlnlh'. oll«a alhiwei) wnler nt times lo ran lo waste lhrn[i;;;h tlie 
)d lhi> Di'orllow. Biith these dofects hftve been rcnicdicd in 
Mimin mti's. In ihc Dcmarvst pnttern (Fig. 147), a «inal! clFlern 
)■ aiiBrliDd to thti bawl, eommiinie«tin^ with it, and a halt-cock in 
^i( aflanls a relinbla raeaii> uC sbiitting off tlm supply wlien the 
n !• full. Th« overiliJW tjiltes placo llirongh the pliinser. which 
)■ eunaidicraUly Urgcr than in the Jennings apparatus, but i» irapjied 



All Uiu uloseis of tills di 
o prevent 






Iced of any ftthor, retjuire 

ipon or about the plungcp, 

irs nroiind tlie handle. If 

ibouUl happon, the OTp can be unscrewed and the plang<rr lifted 



V ll decomposes, iwnding np tiiin 
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out and cleaned in a few minutes, but even this trouble is to be 
avoided if possible. 

The main point to be observed in setting closets is the security 
of the connections. The old-fashioned bowls have earthenware 
" horns " to receive the supply, and the only joint pos- 
sible between these and the lead pipe is made with a 
mass of putty, tied with a rag ; but all modern apparatus has brass 
ferrules or couplings baked into the earthenware horn, and a perma- 
nent soldered joint is easily made. In tlie same way, the connection 
between the outlet of the container, hopper, or trap, as the case may 
be, whether of iron or stoneware, and the lead pipe or trap beyond, 
is still usually made by "flanging" the end of the lead pipe out on 
the floor, inserting the projecting mouth of the closet, screwing it 
down, through the lead, to the floor, and daubing the whole with 
putty ; but the very best apparatus is now provided with brass fer- 
rules at the outlet as well as at the inlet, securing a perfect joint. 
Where putty is necessarily used about plumbing work, it should be 
mixed with red lead, to prevent rats from eating it, or it will soon 
disappear. 

At the end of this Part will be found a plumber's specification, 
which will serve to call attention to certain points which need not 
here be mentioned. 

The plumber's work continues, simultaneously with the other build- 
ing operations, nearly until the completion of the house, so that in 
point of tim(i the description of a considerable portion of it belongs 
with work mentioned hereafter, but it is more convenient to srathcr 
together in one place whatever needs to Ikj said upon the subject, and 
one more matter remains to be explained before we dismiss it en- 
tirely from our minds. 

After the contract is completed, and the connections made between 

the bath-boiler and the water-front of the rancje or cookin<'-stove, 

the water should be turned into all the pipes, in order 

^'^Test! " ^'*^' imperfect joints, or the holes frequently cau>c(l 
by the careless driving of nails, may be detected and 
remedied. At some subsecpient time, when the traps have been filled 
by use, the tightness of the drain-pipes should be tested with oil of 
peppermint. The oil is sold expressly for the purpose, in two-ounce 
vials, hermetically sealed by melting the glass together over the 
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A mun i; sent up to lliu rnof willi (be vial of oil, and afler 

up tuinpurarilv all vyntilaiion or air jiipcs connooltsJ witU 

J |M>rl ti( the iLraina^ aysturn, lie Lrciik^ off tlic top uf tlie vial, 

J pours tlie oonleatB ilovn iiiiu thu ftoil-jrlpe, wliiuL will as a mat- 

tr«( ogune in &ay moili^rn 1ioii»e project above tlie roof. A piiolier 

[ biK wain* ia immotti^toly lianiJod up to him, ami lie pours lliit 

P«D after tliB pppiiennini, anil closes tlie inoiitli of ihe soil-pipe by 

Eniling in pap«r or rags. Tlic peppermint is volntiliaed by ilie lieat 

I llie water, and tliu vaiior, unable to esoape, penetrates hy diSit- 

every part of the fvsietn. Mennwliile, another man examines 

U tlie drain, soil, and wante pi[)es in the tiuu«e, and if the operation 

Li titHin properly conduuted, tbe sllgliietit odor of pepperoiint Id the 

bliilding will he eoneluatve evidence of loiue defect, oiiher in a joint 

r pipe, wkieli innat be at once rcmcilicd. It Is important Uiat the 

a wLo carries and applies the piippermint should not be alloweil 

F tlia house, as bo Is sure to carry nllb bim some trace of the 

ful scent, which will make the Icet iiwlcfs. After the (rial is 

r, tlio pipes above the rooE may he unclosed, and if co leak has 

\ (letccie'l, the plumbing can bo pronounced safe. Plumbers 

1 profoss (o apply tbi> lesl, hut do so in a manner wbicb makes 

f rosuit unrellablw. Unloa ibo apertures of vent and soil pipes 

1, a circulation Is very apt to exist between tJie (i)>p«r por- 

II of tlM Mil-pipD and tbc nearest nir-pi[>e, which will, especially if 

r ia usuil tu Iielp tho diffusion of tbe oil, carry off tbe Ira- 

I (Apor before it can penetrate into ibe uoroparntively stagnant 

npliera whii'b fills tlie lower portions ut the sysieiti. 

t (limes of burning su1[ihur are Minetlmes substlt'ilt-d fur the 

|ttpp«riii(Bt vapor, but tlio application h more troubliTUinii?, nnd tbe 

'pull no more satUfaclory. 

Euro this stage In tbn construction tho riirnnco nhoi.ld be 
nt In, and tlie collar lloor concreleil. If Irft, as is often tlie case, 
1 blur pri-itid, when the kiln-ilried dnisliin'ri or _ 

... . ■ ■ rurn«©«. 

o In plaec, tlic»u «r<' very apt to abaorb dam|>- 

I frain tlic nius uf wet cumunt in tbe baxeinent, and I'ise iLeir 

e or their glossy surface. 

'« liato to deal with a client who Inaisla upon an ample nipply 
t fnuli air at all SDasona, and tiavu ili^i'«(ore ail vised him to skIccI a 
Unoco poM««»lDg a* large a radiating eurfaci: a* DOsslble, in orUei 
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to secure the delivery into His rooms in cold weather of an abundant 
supply of moderately warmed air; and in accordance with this in- 
tention we have provided for large hot-air pipes and registers every- 
where. That tliis will involve greater expense, both in the original 
cost of the apparatus and in consumption of fuel, than would be 
necessary for obtaining the same amount of warmth by means of a 
smaller volume of hotter air from a furnace with less radiating sur- 
face, we have franidy told him, but he is wise enough to think that 
true economy lies in sacrificing something for the sake of the health 
and good spirits which only fresh air can give. 

He is, indeed, so bent upon securing a perfectly pure atmosphere 
in his house in winter as to be quite alarmed when we propose to him 
the purchase of a cast-iron apparatus, and reads to us extracts from 
the circulars of various manufacturers of wrought-iron furnaces, 
which, as he says, " prove " that carbonic acid, carbonic oxide, and 
other deleterious gases " pass freely through the pores of cast-iron," 
and escape into the house. We assure him that this danger is 
greatly exaggerated, if not entirely imaginary ; while the large ra- 
diatincjC surface, which is absolutelv essential to. the effect which he 
desires, can be had only in one or two costly forms of wrought-iron 
furnace, most of these consisting simply of a short cylinder of sheet 
metal, inverted over the fire-pot, and presenting a very limited, but 
very hot surface to the air flowing past it. As air can only be 
warmed by actual contact with a heated body, such a furnace, if set 
in a large casing, with ample supply of air, instead of warming the 
whole to a moderate degree would heat a small portion intensely, 
leaving the remainder as cold as ever, and the registers would either 
deliver into the rooms alternate puffs of very hot and very cold air, 
or certain rooms only could be heated, at the expense of the others. 
To be operated successfully, this sort of apparatus must be fitted 

with a small air-chamber, and small pipes and regis- 

aSnir Surface. ^^^^* ^^^^ casing of the air-chamber is then heated 

by radiation from the dome of the furnace, close by, 
and the small volume of air which passes between the two surfaces 
is thoroughly and strongly warmed, acquiring thereby a powerful 
ascensive force, which throws it easily in any required direction 
through pipes of appropriate size, and heats the rooms above, not by 
introducing a full volume of warm air, but by means of a small cur- 
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t o[ rcn- liot air; which mUca villi ihat nlreail^' in ihe apitrt' 

) to raisu tbu vrhole lo thu required temperature. 
b abUin aji abundant supply o( iiiixlerately warm air, it Is essen- 
w turtiac'es are now consiruuted, to pruvidu u lurge air-cbniub«r, 
Hil <tulr>butu Uiu aniokiMulKS und otht-r radiiiting 

It in snch a way that ibc sir laiinot p«M "-"'Vu^d^Ji""* 
3Ugb witbuatBlrlkiogcineoriuoreof ibcm. The 

; from sueb a furnace will all be wurni, iiiRti'ail <iF pnrlly 
d mml partly Lot, as it would be witliout this division of the henting ■ 
iJace; and thu iptanlity bdng gruatcr, n muth lowiT tuntperaturo 
11 lUlGce lo pru-luue the samu effect in warming the rooina above. 
>1 caii^ron (urDOCce are desigacd with itpecial reference lo thia 
I, wbich han been recognized ae desirable ever «incc licatlng appa- 
ls Artt came into use ; and many of them secure it tolerably welL 
;ely, tbc costings are Mnietimes defective, and the joints 
tubjuct in several forms to separate or break l)y the cilect of ex. 
mnd coDtrnetion, with (he result of allowing unoku and gas 
« and minjlo witJi tho fre»h air in llie )ii|>es. We bavc, liuw- 
ri ishxtted a piitturu in wlilcb the castings appear on close exam- 
\iou uuoolli and soiiml, and thu joint*, while occurring at the most 
trsble |>ointa, are all put togullicr with short tleevea, wbieb allow 
( cxpamion and contraetiun without burm. Unlike must furnaces, 
Ii TMclvc lliu air from lliu cold-air box a little above ibe U'vul of 
il rcMrwir, ours n intended to stand over a pit dug ia tbe 
Qoor, Into wiiicli till! cold air is brought by an underground 
t, to circiilnte Unl beneath iba pnn of ashes before it ascends 
Mig the liotler surfaces above. Unless the ground below the col- 
h well drained, such subterrauiian conduits are liable to 
I of unwholesome uuisiure, and ibis point should be deler- 
(rw ibo choice of apparatus is made. The air iriink is 
o q( brick, witli brick bottom, plastered with comeni, and cov- 
i wltli flagstones. Tbe pit into which it opens In wullcil with 
he snmo wall being extended upwaril if tlie furnace is to lu 
Mil,'* D*" forming merely the foundation for the sheet-iron 
f tits " jiortablo " variety Is used. A i>riek pier In the ceo- 
B wrvcs to support the heavy castings above. Into thi! further 
tl vf die brk'b trunk Is c«ui<^nted the culd-air box, of Iron or woodi 
b bring* air to the furnace from n window or other opening. 
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The superintendent must Bee tbat tlie cold-ftir box is not made too 
tnitill. The obvious rule tor duturtDinin^ tlio proper size it that it 
sliould be capable of conveving into the furnace- 
.^JfjJ',',*'|^^cliai»ber as mucli air as is to be drawn out by meana 
of tiie registers; or, to put it in another way, tliat the 
rnpacity of the cold-air box ihoulJ be equal to that of all the liot-air 
j'ipes whieh will ever be in use at one time, leas one-sixth, which 
vepresenls the gain in volume which the air acquires by expansion 
in passing through the furnace. In our present example, the ras- 
ters in the parlor, dining-room, hall, and staircase-hall are, for the 
cake of insuring an abundant ventilation, supplied through circular 
tin pipes, twelve inches in diametJir. Two chambers in the second 
Btory have tenHoch jiiiies, two have eight-inch, and the bath-room 
has a six-inch supply. The aggregate sectional area of the*e will 
bc,exprcsped in w^uare feet, (li' + l''4- l» + l» + {13)»+(;^)»-f 
CJ)° + (S)' + Ci)'X ."854=5.13 equarefect. Si.i-seventhsof 6.1S 
will be 4.39 ?i]iiare feet, and this will be the necessary inininiiim scc- 
tionnl nrea of the cold-air conduit to insure a supply of warm air at 
each ot the nine registers, in ease they are all open at once, as they 
fhould generally be. If ihc cold-air box is mode smaller than lliis 
calculation would require, the Huw of wann air at tliu registers will 
bo teciile and uncertain, or "wiredrawn," or perhaps at some of 
tliem it may cease entirely, oi' even he reversed by tlie dfaugUt of 
the longer pipes, wliich, unable to obtain through the contracted 
cotd-air box tlio quantity which they rcipiire, draw down through the 
registers nearest the furnace an additional supply. 

Where so liberal a provision of fresii air is to be made, it is par- 
ticularly necessary to see that the outer opening of the supply-con- 
duit is not so situated as to be unfavorably acted upon 
by ihc wind. It is usual to place tlie opening toward 
the north or west, as the coldest winds come from those jioints, and 
wliile they blow the air is drawn through the furnace with greater 
rnpidity thnn usual, and if lire enough is kept up, tlie supply of 
warm air at tlio ruglHtcrs is correspondingly increased. There is, 
however, under these circumstances, some danger that a high wind 
may drive the air through the conduit so rapidly that it cannot slay 
long enough to get warmed on the passage, and blows out front the 
registers in a chilly stream ; and to guard against this a slidc^amper 
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jf Intertoil, Dliivli Cfln be pnrlinlly rliiscil lo lonipcr tlio forco 

tte rncmning bla«ti li>it if a cliange then ukcs ]iki:c !□ tlie ilirec- 

a oC the hi-ccf c, ihu farnnce ta left without its ncvdful sujiply o( 

: Oi:c)uioniiIi}' lliu single inlut proves to be tlie marix! of still 

rse IronblvB. If, wliihi it ruuiains o|>eD, a viuk'nt winil slioulil 

Kapring up from the qiiiirU'r oppoeilU'la that tonaril irbit^li it taees, 

' t parlial vai'uuni wliidi alnaj'9 cxi«t9 on llie lue siilu of a buildiog 

najr liacoiiie to il'.'ctiluil as to cnuse air from (rithin ilic bousi? to flow 

iowanl it by the mnat direct chanDul, whiirli will be downward 

1^ tliu regintern, inlu llie air^hiiniber of lUo furnac«. anil 

« by meani of tlio cold-air box to tba outside. Uy lliie reversal 

a oniinary course, not only arc iha rooms ilepriveil of Ileal, but 

> air drawn from thum at a comparativulj high temperature 

KKs fntcniuly Iiot in piisfjiig again over the radiating surface* 

a furnace, and may evun. if lliu roliL-nir box is of wood, be the 

* of setting this on Arc, and nitli it the Lounu ilaelf. This ia a 

mare eomtiion ai'ciilunt than miut persons iinngino, and tafety 

* well na comfort make it importaut to yuanl agniust the tausus 
h may ocuaslon iu 

IB iiiuipint way of prevontinu retersed currents in ilie colil-air 
1( to give it two openini,'!) to Uic outer air, aa nearly as {HMeible 
«ito to oavh other; then, whatever may be iba iliraotion of iba 

ml, tliE air vnnnot Ije drawn out of tbo furnace. It may, however, 
i binw thmugh the rtigistnri', and a still heller modu is Co carry 

• eoUl-air box encirulj' acroas the hiiililing, at a little distance from 
B furnace, opening to the outsula at eaeli end, drawing from thU 
e aupply tu the furnai^e by mcan» of a sburl, but sudieieuily capa- 

I pipe, opening into the main conduit, at right angles to il. 
I the wind may bluw at will through the main triinlt, without 
fling tliB cuireiit in ilic short pipe, which will continue lo draw 

II tlmva just tlio supply that tbo furnace Dce<ls, and no more. 
~ ' >r tlie coid-^r box shall be made of wood or metnl is a 

a be dueidud according to (he eireumstances uf cai:b ca«e. 
d iron hiu tlio ^eut advaiitasea uf being 
INiahlts M tliat no collar air can be mixed with c"w"|'r"BSL 
t puro current from out of door* or tU paivago 
Evirn«]rh tbn furnace and \\iv pipe*, Bnil of In'ing fire-proof, so lliaj 
» will bo no danger, however hard tbs wind may blow, of having 



180 BUILOIKO SUPEHINTBKDENCE. 

the building set on fire by an unexpected back draught ; but it is very 
ex(>en8ive) and those who wish to secure its advantages must pay fur 
them. On explaining the matter to our client, we find that even his 
enthusiasm for fresh air is a little damped at learning that a galvan- 
ized-iron air-box for his furnace would cost more than the furnace 
itself, and he takes tlie (question under consideration for a few days ; 
but an insjHiction of the wooden air-boxes in the houses of his 
friends shows them to be full of crevices, sometimes large enough tu 
admit the hand, and in all cases quite capable of allowing an unlim- 
ited amount of cellar air and dust to be drawn into the furnace and 
discharged into the rooms above, so that he finally declares in favor 
of an imjiervious conduit at any cost. 

The concreting of the cellar floor is generally done before the fur- 
nace is set, to avoid spattering the iron or brickwork with mortar, 

but all air conduits, ash ])its, and other work below 
Concrata* > i ' 

the floor level should be completed, to avoid breaking 

into the concrete coating subsetjuently. The thickness of the stratum 
should be determined by circumstances. On very soft soil four to six 
inches may be necessary to-prevent settlement and cracks, but under 
ordinary conditions it may with safety be made three inches thick. If 
less than this the falling of heavy weights upon it, or long-continued 
movement on it, may break it, and when once fractured it crumbles 
and deteriorates ra])idly. Only the very Ixjst fresh cement should be 
used, otherwise the concrete will be weak, and attrition will reduce 
It easily into da5?t. The proiwr proportion of ingredients is one 
shovelful of cement to two of sand, (in^t well mixed together, and 
then (piickly stirred up with three shovelfuls of screened |)ebbles 
or broken stone, and immediately spi-ead upon the floor. The 
country masons, to whom a cellar without water in it in spring 
would siK}m almost abnormal, generally give the concrete an in- 
clination to some point from which it can be drained away to the 
outside, but we do not intend, and if our directions have been 
thoroughly enforced we need not fear, that any water will penetrate 
our walls, and no provision is therefore necessary for carrying it off. 

After the furnace is set and the concreting finishe»l, 

and while the plumber is completing his work, the 

joinery of the house will be going on. The first step is usually the 

setting of the door-frames, and the superintendent will need to 



BDILDIKO SCPEBlSl'ENDDiCE. 



ISl 



Door-7rama. 



Itis memory in regard to tbo tpi.'piri<jil tXxea nnU hfighis of 
r>. anj inuiuure oncb Irutne aa it U ect. or rUk fiiJiHii^, loo 
it iriuMpositiona til tliu muDt ntii)u_viti<; kluil liuve bei-u tuailu 
. Tlio frainus ore Mw very apt lu be wt out 
ru (Fi;;- 148), so lliat tlJC tloor luiiiit be subsc- 

buvelU'il uQ t(> Tit ilium, giving a tloveuly appoaraiice in tl:e 
wliole work. Tliis iboiiM ba |iroviilL-il agaiiii'i 

n^^^ by rigi<l iL-iliog wiib ibe trj-aiuure lui J pluiiib- 
ruln. Prnkul-ruk-s art: sold at tbo liarilwnn.' 
attirca, vontitiiiiiig a luvvl, and a folding Btcvl 
bkJe, wliifli uuii be ndjustul so ad tu (urm 
□curly 11 ri[;]it Hn^k', and although Unjir usu- 
(iilni'Rj would be uiuch in<.'rcn«:d if tlitry were 
II B niorc acuuralely iiiade,tlie young architect will 

Fr|. l«B. fiTuI llicni r( survico. lu default of some Hiii.-b 

il, ttifl iliagunaU iif ilic frninu may bv measured with n string, or 
of wood : if tiii-y agiVG the fraiuc is reutjingular, tlioiigh iiot 
locMnrily ]iluiiib. 
Vile bKijjbl. widlll, and rwlau^iilarilyoE lUt' frames oncij veriHud, 
u {Knitioit of lUu ri'batus Bboiild bo iiuTeil lo miiku surt: ihut llie 
will be buns <"i ^'■'^ ^'"^" iiiiDnde*!. U is usual to 
Ibo xwinging of tin- doors on tbe phin*, b.it *"p^[JJ °' 
lien rarely Irunblu ibciiiNtU'es to Inok at the 
ng> far infnitnaiiun in rcjjnrd to such iimtturi<. and uftvr it ii 
te to chniigu thura the doon ttru vury apt, ungieeially in itifL'rior 
L,to hi) found opuning acroii stairs or passagc-wBys, agiiirist gos 
urkvi*, or in aomo other ineoDvanii-nt manner. While euo^i'lurltig 
« jioiut lliu siipL'rinteuitcnt may inalce lure that the diinrs will bo 
' o projiur eilgri, an well n* tho right sidei of tbn partition, 
J UMrklng tho [lOBition of tliu lilit^ns on llie frames In lujconlniiue 
I tli<' plana, or perbnps modifying ibeae if circumstances reader 
IvUoblc. 
f X«xtcomus tbuapplicaliun of tbe "itanding finish," — areldtravej, 
I, ami baset. Mo<]urn niuuMvd work is almost invariably 
II iritJt ravuKiugknivei, under wbicliUis Jrawnbyfluiwloyllndi'ri, 
It eilg«#. III order to obtain it lirm grip of (he stanainsrin- 
K) ilKingly Ngnin>l it ns to cnusie sli<;ht '*'<■ 

ndcntattoDi on the proroinvnt portions, varying (roio 
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A iiuartef to a third of an incli apnrt, which tnjuro its appearance verv 
Mriously uale»s the mnrks arc subsequently rmootlicd off \i\tli snml- 
pnper. For liarJ wooil even tliis will not bo enough, and (lie Il:it 
surfaces slioulJ bo dressed with an ordinarj- plane to prevent tbi; 
reappearance ol the ridges after polishin;^. Sheathing bo!iri)<< ami 
mill-wrought slock of all kinds for good inlerior work sbunM be 
sroootlicd with the plaoe in the same way. This adds con^iderahly 
to the expense, and cheap contractors will shirk it if they can, but it 
ihoulil be insisted upon. 

Anotlicr way in which the inferior class of builders often try to 



I advantage for tliem^clTes is by " splicin 
•nllelnsor mouldings (Fig. 149), oi(t ot short 
Mouldlnsa. pietcs, Aa the n 
the mill in lengths of ten tu fourlcen feet, there is 
considerable waste in cutting unless fouie mode is 
provided for utilizin;; llie short pieces, but the ap- 
sjiliced arcliitriivo is so bad as to 
make it iiiailniissible in good work. Horizontal fin- 



' architrave 




theui, Tlic ilraugblsnien who prcpiii-o wurkiug plan* from the 
srcliiteet'a i-kitdies «ouictinies fail to euiupi-eliend fully tlio slniclure 
wliicb their drawings iitdicate, or fnrgct to maketlie necessary allunr- 
ance for tliickuess of fluora, Blair-timlKrr^, and landings. Where a 
pajsag<;-way or (light ot st.'iirs is pl.inned under another lliglit, tlie 
ir vertical height bi-neatb the latter may he ascer- 
icd by counting the number of risers lo the point 
where the bead-room is to be cah-ulatcd, multiplying this tjiuintily 
by the height ot each riser as found by dividing the total di'lance 
from Hoor to floor by the whole number ot risers, ami subtracting 



Hsad-Roomi 
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I bom tli« aimcnsion so roiiml at loavl cigUtcuD iadies, vliidi irill 
f wprc*<'iit (be vurtical measurement tr-om llie top of tlio trend, jiist 
I over tlio rUcr. to the utnlcr siile of the pliutcring, in orilinur}' jtoirs. 
I If tlio lllglil i» Sleep, inentT iaclies, or even more, must liu token, 
while with lonj;, strittght 
' (lights it is often u&sQt- 
sary to reinforce the 
itriogere with vhulc tim- 
bers, or "carriagti tim- 
bers," (Fig. 150J, wt 
parallel nith ilieui, but 
at a EufHcicDl dUtniuii 
below to clear the inner 
rhivli will incrcaso the tiilal 
vcirtlcal depth between tup of treud nnd unilur hiilc of 
plftslcr to lliirty inclics or raorei It flhoiild ti« remem- 
t lereil alM tlist n person In dcscctiiling a flight uf stair* utuall v leans 
I fmaril. ami that llio hea>lnav under u trimmer Iwam which Dppi<ara 
■■ ample wUere tlieverticiil height alono is taken mii,r prove inaullicient 
I In wecutioo. 

Inferior titjiirways oflvn «Uov ilcfcets of planning, independent of 
InbcaleuIatioDa tii rv^anl lo head-room. It is 
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I (t;dr* indioaled aa are shown in Figure 151, where a panon 
in Ibo dark ini^lK, nitli n iringle >tcp, from S or X. full 
ir fvtil. Thir Mair-buildDf woulil prolmbl/takc upon him- 
( iliu Tai>|iona!iiI1[ty of cltnn'jins ibu Uij;ht from the " iIog-lc;j:ged " 
naliowD in Figure IJI loan "open nuw«l,"{Fi5. 151), adding a 
■atupinthowvU" W.Andpiittlngiwoiniti-oilut ilirra"wind- 
Icn" In ea«h turn, thua making Uio lUJn comparallvely aufo anj 
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Halght or RlMr*. 



ciDvcnitnt, tbougb narrower tlian tlie firM, plan jntcodcd; but it is 

unsftfu to di:pcad upon his thou gtitfulneiB to correct errors. Anotlier 

fault ofton BccD in back stairs is tbe fliling up ot the well on on? floor 

bv a closet, irliile tlie stairway 

bt-low is left 0|>en. (Fig. 153.) 

1'be puint of the floor, P, is in 

tliis case ni)t to project oicr the 

stairs in dangerous proximity to 

the heads of those passing; up or 

down, and tliould be protected 

by sliealliing, at least i>n one 

side, down to the raiL FIc IS3. 

Thu steps ehuuld not he too stoep. For inferior stairs the riivrs 

may bu 3 Inohcs and the treads inches, to which the nosing will 

add 1 ^ inches more, making the whole width of the 

"step iOj inches; but tills should be regarded as 

the limit. As the height of the risers is diminished, for superior 

staircases, the wi<lth of trend niiiat be increased; the hcst rule being 

thitt the product obtained by multiplying the measure In inches of rise 

and tread togctlier should not be less than 70, or more than 75. 

Seven and a half by ten inches is suitable for ordinary cai^es; seven 
by ten ami a half is unusually easy, and six by twelve gives an air 
of o)d-fashiwncd luxury It a staircase. Some ancie'it mansions pos- 
tiess (lights which rise only five or five and a half inches nt each step, 
but these are hardly comfortable to our unaccustomed feet. 

The greate^st care shouhl l>u taken to see that the staircase as exe- 
cuted will correspond with the plans or, if mistakes in framing or 
miscalculations in regard to headway should have rendered this 
impossible, (hat the diHicidly is remcdie<l in the best way. It is a 
very common experience with young architects to be ohlitniil to modify 
tlieir designs on this account, and thetr iitgeniiity, as well as the 
patience of the stair-builder, will often be ».'verely taxeil to extricate 
themselves with credit from an unexpected ilifficulty. The staii^ 
builder himself is liable to errors, and ids work should be examined 
with particular care at the outset, in order, if necessary, to set him 
right before the progress of the building has made it dillicult and 
expensive to remedy faults which would have lieen (rifling if dis- 
covered etirlier. 
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n<I ilieortlicnl 

i i)i stance from 

flour lo floor 

agree exsctl)-, ntid 

a pole slioulil, in prnc- 

tice.nlwnyj l)« cut lu ilio 

■t Ivn^ili on the »pot,nn'l 

'lit'iilcil intocqiinl pnris.cor- 

resjionrlins to tlic nuiulxT uf then 

reqiiircil- From iLia iiieatiiro tliH nolclica 

in t1ie »iriDf;R can bo «el out with necurncy. 

(Fig. IM.) Wllliout tiicli preen LI I ion, tlic 

Tig- >i*. sirinijs intij'ion arrival at ilie buil>!ing, be found n 

Wtloa of an incli loo Ion, so itinl llio lop-most step miii'C hv bluekcil 

a A gronier lieigitt than the reft in order lo gnin lliu floor, 

(Fig. 153.) Sloro fre- 

qiientlv, iIk- siring will be 

found lo bavc buen cut 





niu«t be nllowed to luan Imek- 
r wnrd. (Viz. ISO,) Sueh misfiii 
r. nnd eondftnned immcilliilcl}' II ile- 
el of Mrln!:M in a rmuW nintl-i', wliila 
1 of luvi'l, nru dan-jcroiis iis well ni 
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Siiiir-builikrs an<l carpenters often content IhenuetveH wita very 
trail supports to tlieir work, c»peciall,r on landingg, and this point 
fboulcl receive careful attention. Atter all ia reidy for the Hep?, tlie 
risers arc sometimes first put on, tlie back eJges of 
the Ircails inserted into grooTCS cut for tlicm in the 
■ra, and tbe nosings final])' 
in place (Fig. 157), and 
I glued, securing tlie whole t 
I gulbcr. Generally, bow ever, 
risers ami treads are pu 
together, blocked and glued a 
the sbop,and the steps brought 
com]itcte to the building, rcaily 
"*■"" for setting in place. In ibis ■■•■■"■ 

case the nosings are not ploughed into the under side of the treads, 
but are simply nailed into the an^le formed by the risurand tlie nos- 
ing. (Fig. 153.) 

Whether tlio nceossarj' connection l>ulween tbe steps ibemsclvcs 
sball be made by grooving tbe inner edge of ttie tread into the face 
of the riser of the next step above, as shown in Figure 137, or by in- 
verting the process, and ploughing tbe lower edge of ibe riser into 
the top iif the (read bclovr (Fl;. 159), is a matter about which the 
practii-'C of slair-buildi-rs varies. Those wbo cbooae 
tbe latter mode justify ibcirprefercnci; on tbe ground 
|>r-j ib.at ].y the shrinkage of tbe tiiU' 
■■ and settlement of the strings, 
iiipjiort maybe taken away from ^ 
I tbe inner edge of the tread, tlirow- 
uil;, if this is grooved into tbe riser, 
whatever weight may come upon it 
Fie- 160. on ii,y tongue, which is liable to "'■ '''■ 

split off (I'ig. IGO), while by tbe other method tbe tread is free to 
follow ii9 supiHirling timber, tbe only residt oE the movement being 
the partial drawin'^ out of tbe tongue in tbe riser. (Fig, ICI.) 

In practice, however, tbe first system is iircfurable for stairs over 
which tbe trnltie is as liglit as h usual in dwelllng-bonses. ^Vben the 
risers are tongncd down into tbe treads, the tongue necessarily escapes 
the painting or other finish, so that wlien it begins to draw out, a 
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atrtttk ot (L (iiffercnl color i» exixweil »l tlie bottom of ench, forciiing 
• •BTjf eutif [lii-iioui (lufect. 

TW IDol'lijd " nosing " oE the "teps slinulJ be forniej as indicnled 
on Hia McUunsI sketches, the trout of the treml being rounded, hikI 
plonjIiMl beneitth fi>r the insertion of iha upper clgo of tlie risur, 
la " open siring " stBira (Fig. 1C2), where the level top of the tread 




1 KppoBrt »t tlia eni], the nosing U continued acrosc It by meann of & 
I |^BC« of wooil inuulded to the full shape, one end mitering into the 
I Knglo Ittft fur the purpose at llie front corner at the tread, nliilo the 
I "rctiirnn on itself" at a point vertically- under llie edge of the 
t noxt ritor. Before tlieic picees arc finally put on, the dovetails nt 
I the eilgu of the Iruad, intuaJud to hold thu baliislur!>, 
I aliould ht cut out. The liiiliutcrs may then be fuicd 
I in, uul iJie nosing being nailed Grnily in place holds 
I hJI Mcura. The best I'talr-hiiilders tack the pieces tomporttrily to- 
Igellin-, Ma* to insure a purfcct fit, before the final nailing. Biiildera 
T of the poorest clois nimi'liino« dispense with the dovetailing of the 
[ bi^mUtra, and nintply tu'^ii-n iliem in place by a nail driven diagonnlly 
f tfaMUgb the foot tnio the treiul after tlie nosing is finiahed : this give* 
I * WW at well as uoeren balustrade, and should never be [jermitind. 
rTlHH|ip»rond*of the balusters are almost alwnvs geciired with nnil« 
f 10 tht bud-rall, even In the beit work. 
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With regard to the finish Around the inner ends of the stairs, the 
practice of diflercnt localities varies somewliat. Whether it consists 
of a wainscot or a simple base, it is in many places customary to trace 
upon the lower portion the exact profile of the stairs (Fig. 1C3), in- 
cluding the nosings, and sink it to a depth of half an inch by means 
of chisels and gouges. This " wall string " base or wainscot is fixed 
to the walls before the stairs are put up, and the ends of the steps, 
as fast as put on, are " housed " into the grooves ready to receive 
them. If nicely done, this is a strong and hatidsome mode of fitting, 
but the workmanship must obviously be very careful and accurate. 

In New England a different mode is adopted, rather easier in execu- 
tion: for this, the treads and risers of the steps are' grooved, before 
putting together, about | of an inch from the inner end, and the 
base or lower member of the wainscot is roughly "scribed " to tlic 
profile of the upper surface of the steps, and the lower edge then cut 
away" so as to form a tongue. After the steps arc all secured in place, 
the base is applied and driven home with a mallet. 

The proper termination of the rail at the top of a staircase, where, 
being no longer continued upward, it must be carried across to stop 
against the wall, is a matter not always considered when the draw- 
ings and specifications are made. The best finish is obtained by 

_, ., _ placing a half-post against the wall ; but if this is not 

mentioned in the contract documents, a makeshift, 
consisting of a round cast-iron plate, with a socket to receive the 
rail, and screwed to the wall, is likely to be substituted for it. 

As soon as the treads and landings are in place, the broken bo.ar<ls 
of the under floor, and the places cut for the plumbers 
Upp«r Floors. ^^^^ gas-fitters should be repaired, and the laying of 
the upper floors may begin. This is usually commenced in the top- 
most story, in order that each floor, as completed and planed off, 

mjiy be swept out and the rooms locked. For floors 
Sprucaa '' ^ 

intended to be carpeted spruce forms the ordinary 
material north of New York. It is (?heap, and has the advantage of 
being very free from knots and defects, so that a room laid with it 
looks clean and handsome. The adhesion of the annual rinns is, 
however, very slight in spruce timber, and boards taken ofif the out- 
side of the log (Fig. 1G4), which may be recognized by their ppra in 
or "figure," like Figure 105, are liable, after being dried by a 
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«inlcr» fumaci.' Wat. to aplinter up in a most annoying manner; 
r U ilii.' fill:.-' ltd not Mrpsmte, tlic bonrt]^ are likKlj- to curl np 
(Fis- IGC), frrriiiiug rulgeswhieli rapi<lk 
cut tlie carpets laid over tliem- liolli lliO 
E 1 fiTts will be avoiilcJ by ehoosing ipriieo 
■.irda in wliifU thu ligure oon^isis rniliur 
■ I f\i\a piirulk'i linci, intlicallng tliat tlic 
iriiinl ririys are divided in n direction 
irlv parulli'l lo llio radius o( tlje trunk 
Li;;;. 164). Vcfywliite,^ ., 

,. h 1, ni(ii no ap. 

3 are oflea cut from sapling 
a toft, and liable to excessive 
Vtirinkagi:. In llie HiJdl'' States yiiue is llie favorite 
iring material. It ia txtfler tban cpniee, and litilc 
bble to ciirl or fplinivr. CItar pine, liowever. i 

D Mcoml qoality, irliluli is generally UKed, ( 
until knots and streaks of " blue sap," !<o that a. floor 
|Bni*lieil with it is not quite to agreeable lo tbc eye i 







■cly, and 

: of good 




' Tfav mode ef laying llie boards varies wiiii ibe locality. The New 
"ingland earpemem, having a difficult material to deal nllh, bare 
Jearard in treat It with great skill, 'i'hcir U]>pcr floors of »j>ruce, in 
Id iMtler riiuini, nrv usually spcciGed lo bu luid with 

ovir (our indicB wide. Atticn mny Imvu '""pi'jj^'"* 
U-inuli buards, but wid<^r unes tlinn lhet»> aru only 

iaiible In closuti aod storu-roanis. The boards, whulevur their 
Mthimre" jointed," or planed on tlie odgvt until ihete are mado 
kbai^lely ■might and parallel, then stacked in the kilDor"dr]^ 
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house " until all moisture is evaporated from them, and brought di- 
rectly from the dry-house to the building. Beginning at one side of 
the room, they are, or should be, laid in " courses," from end to end 
of the room, breaking joints as frequently as possible. AVTierc all 
the boards are of exactly the same width, as should be the case in 
the best rooms, the joints may, and should be, broken at every course, 
but as this involves some waste of stock, it is usually necessary to 
make " straight joints ** through three or four courses, before the 
varying widths of the boards on each side of the joint will add up 
to an equal sum, so as to admit of Its being crossed by the next 
course. A straight joint of more than four courses should not be 
allowed in rooms intended to be carpeted, for fear of causing a 
ridge; and it is hardly necessary to say that all heading joints 
should come upon a beam. " Flooring clamps " are used to force 
each board closely up to the side of its neighbor, and it is usual to 
tack the boards at first with a few nails onlv, and after all are in 
place to lino them with a chalked string, or st^'aight-edge and pen- 
cil, over the centre of the beams below, driving the nails to com- 
plete the work on the lines so marked. 

Before laying the upper boarding, it is necessary in good houses 
to spread one, two, or three layers of felt over the under-boanling, 
in order to prevent air from passing through the joints, and also, by 

the interposition of a non-resonant material, to check 
the transmission of sound. Cane fibre makes a clean* 
dry material, which will not harbor moths, but a coarse felt of wool- 
len rags is commonly used. Certain varieties are so prepared as to 
be incombustible, ami, especially if used in several thicknesses, may 
prove valuable in preventing the spread of fire from one story of a 
house to another. The felt paper made for the purpose from asbes- 
tos is the best of these, but is very expensive; the Phoenix paper, 



Felt Deafening. 



^^^fmffm///mi^^^^§^mmB/^m^^^m^m^.mmifd 



Fig. 167. 

made in New York, costs but little more than ordinary felt, and re- 
sists fire very effectually, which cannot be said of many so-called 
"fire-proof" sheathing papers. 
In the Middle States, particularly where ordinary floors are laid 





a eini^te tlik'knMS of boArili, it is customary 

» (Fi^. 107), as otherwise currents ot air would 

«ig!i tlic jnint« from tlio fpsces bvtwi-en the beame ; 

i llw iiilluenoe of this habit, mr>re tlian any real ^^,^*^ 

ccuit}', liss uiad« it (iu9loiuar/ lo uiAU'h also tlie 

r boanling of iluulilo lloors, even in inferior rooms. The raatcb< 
( Rpraoc lloora is, however, not to be rocuin mended, as the tliin 
edge nf the grooved cide of 
the hoards (Fig. ICa), IB opt 
to curl lip or split off. Pino 
is betler in tliis rospt^l, but 
Hays in place well enough 
r an upper Ilouring without matching. 

» liard wouda are uned for flooring, inaU'hing is. on the con 
ary, Msoniiol, sin •• no nails niu8t ap[iear on the surlueo of such 
an, and tho only way of securing ihont to the beams is to drive 
a ti«iU dingonallv tlirough the 'od'tts of the boards. 

', , ,. , Hard Wood. 

I process uan, however, be apphed only to one 

[OOf each hoard, wnce the other is applied firmly against iho side 
«0Dewhiuh prc>ce<li;diti and in order to hold the inner edge 
iwn, It ia necessary to connect it with the outer edjte ot the preced- 
e bo«rd, by tncana cither of ton^no and croovc, or 
e enuivalent device. These lloors arc tliere- 

fore Inid in narrow strips, each with 

the tongue projecting forward into 

.nd the nails are driven 

dingonnll/ into the nppcr angle 

formed by the tongut 

( the bonni (Pi;;. 160J, aueuring tlds edge firmly; and the groove 

I iJkC next ttrip is forced over tha tongue to secured, so as to retain 

!la inner edge, wiille Its outer oilge, furDished with a tongue, 

died. 

irtiaciry woric, *iich as we are to have in one room. Is generally 

I Willi niuch more cure than ordinary flooring', and reijuirei 

ixlitl roacliinery, su tliat it is beat to order it from a regular mnnu- 

:s the piece* of hard wood are hut half an inth 

eil and glued u|Kin a hocking of pine. The 

) put together la the faciorj', and tent out in «eclion) 
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sutiic two Icut square, nliicli are nailed down like single boards. 
Simpler liard-wooJ floors may be matlo aod put ilown hy tlie 
carpenter. The oak floor of our hall, ia accordance with the wish 
of the owner, is put down in the Frcnefa 
manner with ihort pieces laid at an 





Fl|. I?0. R(. ITI. 

angle of 4S° with the beams, and at riglit angles with each olhcr- 
(Figs. 170nudl71.) 

I'igiire 1 70 shows the mo.'t couimon method, the edges of the pii.>ccs 
being inutclied, but the heading joints plain. In Figure 1 71 the licad- 
ing joints are tougued and grooved by hand as the pieces are laid, 
so as to fit into ihu inalcliing t][>on the edges. AVe choose ihe 
forcner mode, as the least e.i|>L'nslve, and the easiest lo execute. All 
tiic other floors are simply laid with narrow parallel strips, 2^ inches 
wide in the best room, 4 inthcs in the others. 

It is of great importance tliat tlie under l>oar[ling, where a hard- 
wood upper floor ia lo be laid over il, sliould he also of narrow strips, 
not cxecediii^ four inclics at most ; if wJdiT boards arc used, each 
one of thcra will in shrinking gather up. so to speak, a cluster of the 
narrow hard-wood jiieccs above it, and draw tlieni tiglill)' together, 
and although the shrinkage of each hard-wood strip, if wcJl 
seasoned, is very slight, tliu innvcmcnt of the wider board com- 
presses all llio joints over il, so as to transfer the total slirinkage lo 
the joints immediately over its own edge. The adjoining wide board 
of the under flooring acts in the same way, but in the opjiubite 
direction, so that in a few months every board below will bo ex- 
hibllcd by an inordinately wide separation iKtwcen the hard-wood 
strips above, the other joints remaining perfectly close. 
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I Theatork for upper flooring will ii 
li tpFUc^ it is necessary to ^e lli 

ind to look out for knota and EUp, while 
i wood is liable to ultior dufcL'ls. Oak (or floor- 
, unleai uaiivT sovei-c near, and, indued, for nil 
kinila of linisli, «liould nlwavs be ([iinrCcred, or *' rift,'' as sonie 
wijr — iLut in, iuiTud with two cuts at riglit-angles with each ullier, 
^Ud lliruugh tliu centre of the log, ull aubsuriuvnt cuts living as 
«\y as po»eibIu on radial lines. 
' -At every on^ knows, oak is distingiilslicd from all other woods br 
■ amin," or rot«liillary vav*, eonsistin}; of «niall bundles of 
B>res, which shoot out laterally from tlie conlro of the trunk, pas- 
Ing ilirouyh the annual rings townrd the bnrk. By ([uuriering the 
;, theM! fitiTM art) divided nearly or <])ihv in the diruclion of tlicir 
ne. and show on tlie surface of tliu boards as 
;• or irmgular silviiry streaks upon a ground of o^k^ 
« parallel lines, fornt»d by tli« suetion of the annual 

, If, on the contrary, tliu lo^ is saw^d Into paralkd elii'cs in 
ttonllnitry manner, tlie middle slice will exhibit the silver^grain, as 
w or two on <iach side of It. Kurtlicr from the centre tlio 
(dnlbry myit will be dividtHl nlnioit Irnnsvursely, appearing on 
> cut surfnce as nearly impurccpiilile linvs or dashes, vrliilc tbe 
KclioD of thu nnnual rings will grow broader and broader, Bbowin;* 
wlf, lincu ilio »ap-tubea of oak are ipdte large, as a conr$e. ruiigli 
m, comploiely dUTereni in nppeai'ain'e from the delicate and 
Iky riKer-grafn. and liable to a dingy discoloration from the eti- 
• of duBt and dirt inhi the exposed pores. Witli some varic- 
a*k s&w«d ill tliu ordinary way often appears " brasliy." or of a 
aMT*ii loxttirc, with fihort fibres which break awayi-asily. 
} Tho manner In wliirh llio lug is sawn i-ffttcts also its disjionition to 
tarp and nurl, which in badly cat oak is very strong. 'I'lie inner 
rtiotis uf the tree are compressed and hardened by age. so tliat 
a gradnat diminiilion of dt*n^ily toward tliu circumference, 
I la ocL^ujiIed by the soft and >|)ongy saii-wuud. The lets 
Kiilwtitnce naturally thrinks more In drying than that which 
the Interior of the loc, but with Imnrds wlioee surfaces 
w llui rndlnl lin" iIhi movements canned by drynes* or damp 
• all In tho piano of iliose surfaces, and although the board 
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varies in widtl^. it has no tendency to warp. Those boards, on the 
contrary, which are cut in lines parallel with the diameter of the log^ 
have one surface which looks toward the back of the tree, and the 
other toward the heart, and the fibres on one side are therefore slight- 
ly softer than on the other, and will shrink more, curling the piece 
outward with a force proportioned to its thickness. 

By keeping constantly in min<l these properties of oak, which 
belong in some degree to all kinds of timber, many annoying defects 
in hard-wood finish may be avoided. Following the same principle, 
the Georgia-pine floors for the inferior rooms should be specified of 
rift stock ; that is, of boards cut like (quartered oak, on 
radial lines. These may be recognized by the figure, 
consisting of fine parallel lines, in place of the broad mottlings pro- 
duced by a cut tangent to the annual rings. Hard-pine boards 
of the latter kind are very liable to splinter, like spruce cut in a simi- 
lar way, and must be rejected. Ilard-pine boards containing large 
streaks of dark turpentine are also unfit for floors, the turpentine 
soon crumbling away. 

Tiiere are one or two points about the hard-wood finish other 
tlhin the floors, which may be noted. Whitewooil, or poplar, is not 
usually ranked amonj; the hard woods, although it is little inferior in 
this respect to black walnut or butternut. It has the advantage over 
them of being clear, dry, and very uniform in texture. The annual 
rings are almost imperceptible, and the wood is little subject to any 
warping or checking. For large, solid piazza posts and other 
heavy out-door work, it is superior to any other material, and inside 
finish made of it is usually durable and satisfactory. It has the peculiar 
property of swelling considerably in damp weather, even when per- 
fectly seasoned, to retreat again to its original dimensions under the 
influence of furnace-heated air; so that doors made of it should not 
be too tightly fitted. In selecting the pieces care should be taken to 
exclude those streaked with white sap. The rest of the wood dark- 
ens very much after finishing, while the sappy streaks remain white, 
and soon, by contrast, appear as disfigurements. Black sap, which 
also occurs, is not generally looked upon as objectionable, but it forms 
too strong a figure to be admitted in delicately-moulded work. 

Hard-wood doors, except those of white wood, are usually veneered 
upon a core of well-seasoned pine, to prevent warping, and it is 



a iijKin ilctivcrv, to sen lliut the t'i.*iii.'i.'rt. 
« of the pro[>er tliinkDess. Tliusu whicli L'ovtr llic 
panels mny be | inch ; over tUo framinjj they should ooortT^ 
bo S]H.i.'ili<iJ ^ ineh. ftltliough thu linal pUiiiti}; wlikli 
;_ (ueh doora iiD(tcrgo ijeaerally reduces this tliiuknuss s»iuuwbnt. 

Tlutrt) vrv iiiniiherabic poiuis ubout the finiBliiug oE u dwell ing- 
I lionNi whki>, ilioiigh trifling ia theruselvea, count for a ;;rest deal iq 
J itie lmprii««iiin wliich tlie uoiupluted structure will pi'o- 
1 ilueo upon tha owner and hi« (riunih, and tiio arvlii- m^Miona. 
t or »upi?rintundimt will do well to go ihorougldv 
1 rapuftti.'dljr uver the building; durin;; the GniaUiag, and muku 
a tlutt ever}- vUiblo iluUil U tMitlactory bcEuro the coutractor 
{ Imvm It. 

Pbvl aniooj; Uie polnta lo be examiatul is iho banging of tliu win- 
I ia**. Tbo s.-ulie^ vary conddernbly in iVL-iglit, and 

I botli xima and ciire. tliu sstalx will not siuy in plaint.'. 
I TliH *aalt-fa>lB niay aUo bv- badly net, bo that ll.oy will nut Wk, and 
nodiins alun-t of ftn actual trial of eaeh sa^b of evury 
winduHT will Krve to miike sure that all are as iliey 
. Bliould be. Door loi^ka and hDobn arc also very cari'leti«1y applied, 
r and tlwro are fnw house* vrbcre nil of tliera work perfBclly. Tlio 
r ■trikins-plate, jiartlcularly, U apt to bu set lix> hit;h. or too low, or 
t too tftr into the rebate, so that eilLer llio litU^lt or tlie bolt will not 
«nlor tlie inorlinc iat^ndLiJ fur 
if, wliilu llu! "rowB," or round ^uJ^'^u,-^ 
plalr», lurowcd upon tlio oppo- 
silo siJoR of ibu door, in vhieb the Htcms of 
ilio knobs move, are rarely ptne<.-d txucily op- 
[kisiiu uovh otiit-r, so lliiit till.' xpiudlu, instead 
uf bving [ier|wndieular lo tlio door, Is forced 
into an ob1i<iue dirvciion, cauaiog the knob* 
to bind and slick ill turning (Fig. 17S). Tbe 
koobt, a;<ain, are guocrally put on wiihoui In- 
I Mrtfai^ lIiB pro|>or number of tlie tliiti wMbem wliich ilip otcr ttia 
".« for the pur|K»*o of filling out th<i (pare lictween the lock nnil 
\ lfa« knnb* un oai-h itdc, and ihu laller arc left looic in consequcnci;, 
I lUtUlQ Id and out wUU the tuuch of tbo hand in an annoying way. 



hf 



FIc l?I. 



^^ BUILDING SUPERINTENDENCE. 

Many arcliiitscttt call in tliiiir specifications for " swivel spindles," 

with which the turning of the knob on one side of the door does 

not affect that on the- other side: but except for 
Swivel 
Spindles, ^^ose front doors which have an arrangement for 

locking the outside knob separately, the swivel is 

hardly necessary. 

Chair-rails, picture-mouldings, wooden cornices, and other finish 

of the same kind will often be applied with the utmost carelessness. 

_^ _ . Nothing is more common than to see such horizon- 

Ctialr*Ra1l8« etc , ?,. , . , . 

tal mouldings varying very much from their correct 

position, the workman having put them on by what he wou^d have 

called '' his eye," instead of measuring at short intervals the proper 

distance from the floor or ceiling. 

The young architect or suj)erintendent should train himself to 

(piick observation of all these points. Any defects 

Defect^*^ are sure to be discovered sooner or later by the owner, 

to the discredit of the one whose business it was to 

look out for and correct them at the proper season. 

The character of the hardware about a building is also of much 

importance. The variety of patterns and qualities of locks, knobs, 

pulls, bolts, hooks, hin'jres, sash-fasts, and so on, is so 
Hardware* * ' ' ^ ^ o ' » » 

great that nothing but a thorough familiarity with the 
different kinJs, and a minutely detailed specification, will protect 
the architect or superintendent from being occasionally compelled to 
accept fittings which he does not like, but which the indefinite char- 
acter of the specification precludes him from rejecting as not in 
accordance with the contract. 

The-Iocks form a very important part of a building. Those used 
in good houses are generally mortise locks, inserted into a mortise 

cut in the ed*'e of the door. The centre of the knob 
Locks* 

should be exactly thr<»e feet above the finished floor, 

and the mortise for the lock, in inside doors, will extend one inch 
above and three inches below this ]>oint. For outside doors, th^ 

mortise is generally six inches high — two inches 
roper os - .^^j^yj. ;,^jj f^^j. inches below the centre of the knob. 
tionofKnobSi ^ i • • 11 1 n. 11,1 

In designing the doors, the panelling should be so 

laid out that the lock-mortise will come beside a panel, and not oppo- 
site a rail of the framing; as, in the latter case, the mortise will cut 
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a t)l the rail, weakening iiia iliwjr veiy badly. For 
rani of aLicQlion to this poiol, young urdiitects o(- 
n finJ liittt doors, in wliose eleganiiy-pioporlioneJ /r*"^"""* 
ibIs they Like the greatest pnJe, liave to be fitted 
li lutDiUes tet eitlier at an iiumoilorale liciglit from ibe floor, or 
Uicutuusly low, to avoid uakiog tlicin Dltogcthi-r unsurviccablo. 
) it parlit-'ularlf likitly to be tlio cnae id copjini; 
■i of the last century, oitlicr out of books or from *'p||^'^' 
iftt cjcainplc'i. ThuMi sliow invarinlily iLt, ibe Ivvi'l 
le knob a wiilo rail insteaU of ti pnnel, but it muat be ri-siem- 
»I diat morliMi locks were not In um tUeo, tbcir pliicc buing sup 
ixl by riin locks, ia wliich the working parti iverc eouloBuil in an 
n or braM box, HTOwed to tbn oulsidu of Lbe iloor, a (uioll hole 
ttlj being boi 'd llirou^Ii the door for tbu splnillc of lbe knoli. Of 
I not being in this casu intorfurcd with, iliei'e was 
V ruaiKiu why lliu lock aliould not bo screwed on next the rail, and 
» mao) of tlio ancient rim loiks, or the latches wliieli were siibati- 
(1 for tliein in inferior rooms, were longer than lliu width of the 
rlo" at iJic edge of ihu door, it waa au otlvuotugu lo plitcu it 
irc it could extend bftck upon the framing. Oeeasioually. u moil- 
veriiiMi a! iha Colonial doors in mwu with a luuriiBe lock eeC op- 
la a very widu loi-k-rail; but tliia hiukC be duno by framing the 
er will) two l€boni<, fnr enough apart to give room for the iiiorlise 
>eeu lliein. — »u iirrHn(;eni«nl not to bo recommended, 
r l-lo«Pt duor*, a niorlUo httch ia aomelimes used, with eithur 
rD-tiro knolff, 'lut no lock or key. Tbu caw for this iii only 
»i !|lni^li«a high, but such furniahingi are only 

f (or inferior hou«;4, n eloscl which cannot be Closet-Door 
bcked bein;; a* iueonrunk'nl m a door with a kuob on 

lyoBfi aldo la meau In npiiearunca. Tlio band-made loi^ks arc far 

Mporioi' to thotD uiodc by machinery, and *l>o uiuuh more coally ; 

« of tlie maclilDR-niaile kinds Hirvc well vnou^h fur ordinary 

a. Any good ointracior or hardware dealur can furnUb ilie 

H of tlie moil rvlUblu manufacturer*, nnd the snfent course for 

ang vnhileet ia to recjtiiru a lirsI-claBS make by nainu tn hi* 

luiliuna. The mauufaclureri* calalugucs will furnlih him wilh 

y liifunualion as to »tyk-K, and he aliuuld citll for exactly 

a clearly thai llieru may be no miitukc na to hi* 
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inieDtioD, finally aHuring liimseU by inipection that tLe ci 
been carried ouL 

Roversible locks elioulJ be chosen, unless tlie architect ia vrlliing 
to Bee a <loor here and tlicre hung on tho irrong eiUe Co accouiiuodate 

some carpenter who has xclecled his locks at random 
"*L^fc'* """^ 8"''* liiniselt short ot the proper kind ; and the 

character of the keys should be specified, or he may 
find a set of locks of tolerably good appearance accompaciied by 

cast-iron keys, tinned or galvanized. For the inside 

doors of ordinary houses n mortise lock of I'. & F. 
Corbiii's make, for instance, vith brass face and striking-plate, brass 
bolts and German silver or plated keys, does well enough. For tlic 
best rooms n "fancy" face, formed by grinding the brass in curling 
forms, may be used ; or some expense may be saved by allowing the 
bolts to be of iron instead of brass. A chea[icr lock still has an 
iroR face, lacijuered to imitate brass, but there is no real uconouiy in 

It is lianlly necessary to say that locks for interior doors are 
usually ot the simplest construction, the wards of the key meri'ly 
fitting stationary projections iusiile the box, which give no sirciirily 
against opening by a j^kclcton key or a piece of stout wire ; but it is 
not required in such cases to provide againH ihc operations of pro- 
fessional burglars. Tliew locks nru couiiuonly used in sets of tweli e, 
the twelve keys differing from each other, but the complete seta being 
exactly alike, so that in a house with tweuty-four doors there will be 
two keys of eaeli pattern, which may, however, be distinguished by 
a difference in the finish, one set being bronzed and the other ]>lared, 
for instance. For outsiilu doors, whieli must occasionally be left 
without the security of Imlta, "lover" or "tumbler" locks are 
needed, in which the interior construction is far more conijilex, and 

the securitv, as well as (he cost, correspond insly 

Lavar uckt> ,' , , , , ° ' 

greater. Many varieties of tliese locks are made, 

witli and without night-latches, and inspection will furnish the best 

guide as to the arrangement desired. Some front-<loi)r locks are so 

arrange<l that the outside knob is )>ermanently fixed, but the better 

ones are furnished with a movement by which it c.tn be licbi firm, or 

released if it is desired to allow the door to be opened direetli' from 

the outside, without a key. Locks of either kind, of the commin 
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e goinewhat jmblo to liavo the lal«li bucuriie fliivr iii 
rorkiag, no tlml » eliarp bang is necessary to ulostt llio Ui-ar. Agu 
liDcreaMi tUis fmilt, wliicU U only iinrtiallv cured by oiling, auil a 
I Bior« satisfactory wrvice can be bad from tlie putviil 
I locks, in wbiL-li tbu latcli U in two or three parts, one, Latohal. 
f vhicli projects in front, turning un a pivut as it is 
I drawn against the striking pUte, ami by tba aame motion ilrawing 
I twck tfau others, so that when liie wliolo readies its place, it slij.s out 
I into Us mortise witliout any friction of importance. Robinson's pnt- 
I cnt is the lock of this itinil most used, but similiu' ones are perliups 
Imxle by other parties. 

Care bhouM b« taken, if lock» aoil knobs are procured from ilif-. 
I ferent inakors, a» will generally be the case, to have the hole for the 
Ispinille eorresponil witli tlie actuni size. Must locks 
I can be hul GtteU lu either j or j incb spindles i and 
I klthougU ^inch is the sIku commonly used, there are many adi^n- 
I lagcs in having the knobs inountud ua | spindles, wi:b or witliout 
I'awlvels- What shall h« the material of ilio knobs must depend upon 
I'drcumRtaDL-eH. Dra*», bronze, cast-iron, bard rubber, gliiss, [lorce- 
I kiBt celluloid, wood, ami various compositions of saw- 
Btltut anil glue, dried blood, glaxed earthenware and 
l>other nibstani^ei are used. Among these, dark bronze metal of good 
"^■[(lalUy 1> iha lutnt nalisfoetory. Tim light bronze, eveu vrlien good, 
Its apt to laniish in room* not muth nsed, and the soft, Inft-rior 
Ibronie wear* to n dirty yullow color which is very uiiplL<a»aat> 
f Mor((OVAr, there is in bronze liardiriiro a much greater variety of 
I |iBtIem« tlion in any other kind, and knobs, hinges, bulls, ehain- 
I boltir, (tidtng-dnor puIU, tash-fusls and oilier furnishings can be so 
r Kleciud a« tu match in color aod general ap|H>nranco throughout the 
liillliJIng. Thure is liuwevvr much difference in llie eneculion and 
I liniih of ilie castings, and it is unsafe to Iriisi to the drairings in tim 
I eauUogues of unknown makers without seeing samples o( the work. 
Polished brass furniture, where it is fashionable, is very costly, 
knd r«iulre!t continual attcntioa to keep it hrigiit. Silver-plated 
braM knobs soon low their coating, and are becoming obsolete. 
' C(ut-Irun is used for dour-knobs only in a miserable imiiation of 
r brass. Hard rubber and celluloid make durable ami 
pnUy fumUure (or in-doors, but do not buar w«alberlng wall. 
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Glass is a good material, and can be had in great variety : tlie old- 
fashioned cut octagonal knobs are the handsomest, but those presse^l 
in vjirious forms are serviceable. The blown-glatts knobs, silvered 
inside, arc fragile unless of very good make. Porcelain and the 
vitrified materials known as "mineral" and " lava " with *Micma- 
cite" and some similar substances, arc used for inferior rooms. 
Knobs of wood or its. imitations are somewhat liable to become 
sticky from the softening of the varnish upon them. Whatever the 
kind used, the specification should not omit to men- 
tion a bell-pull for the frontdoor to match the desi«;n 
of the other furniture ; and should keep in mind also the sunk pulls 
for sliding doors, if there are any such. 

Bolts are necessary for all doors which need to be rendered toler- 
ably secure against intrusion, and afford more protection than any 
lock. The neatest and most convenient arc the Ives 
patent mortise bolts, which are set into a small auger- 
hole bored in the edge of the door, and show only a small key out- 
side. Outside doors are frequently guarded by a 
Chain-Bolts. , . , ,, . . , , * i i • 

chain-bolt, consisting of a strong ornamental chain, 

attached to the frame, or one leaf of a double door, which can be 
hooked into a slotted plate on the movable part of the door, and will 
allow the door to be unlocked and opened three or four inches, for 
conversation with a person outside, but prevents it from opening 
further until unhooked. This effectually resists the attempts of 
tramps to force their way past a servant into the house as soon as 
the door is unlocked, but as it can easilv be dislodjjed from the out- 
side by a wire, it should be used in ad<lition to, and not as a substi- 
tute for, the ordinary bolt. 

Sash-fasts of the ordinary kind are the least effectual of all do- 
mestic defences against the operations of burglars. By introducing 

the blade of a knife between the upper and lower 
8a8h-Past8a 

sashes from the outside the lever can be easily pushed 

back and the window opened, and this is in fact the common mode 

of entrance for thieves. Of late years the necessity for preventing 

the movement of the lever from the outside has become so obvious 

that several devices, more or less perfect, are now in use for the 

purpose. The earliest form, still much used, has a spring catch with 

a thumb-piece attached to the inner plate, which, as the lever is 
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It, holding it 

!AT the catuli 
be forcfil 
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^ Aroiloil, 19 Tirsl jiiialRil back and llirn spring o 
f pinca until it in agHln puslieil back by tlie tbunib. 
mc, anil reasonably ie<:ur<;, but a(tt:r some yi^ra' n 
■3 rouniluU by friction, ond the lever mny ei 

t from llie outiii'le by a strong pruasure. 

n tlii^ is » «c[£-locking sash-fast introduced liy 

ipkins & I>ickin»>n of New York, in wliicli tLc OlcKlnaon'i 

r itwcK i* butbir, and cantaing a spiral spring, -PaBt. 

; npun a jiin wliivU moves within the lever nnd ha9 a knob- 

il li«ail iirujiHiting at thi! end. In locking the window, as soun 

ffhe Ivwr is tunwd ta its place, the latirior pin springs into a hole 

« for tt in ihe pivot, preventing any back movcraynt tintll tiie pin 

ftyitbdrAwn by pullin;; on lliu kntib. This sasli-rait is still very 

Ipaliir, but Is clo««ly followed by a siinj)lQr and stronger device, tlie 

rris *ash-lock, in wliicli llio thnmb-jiiece of the Morrti Baah- 

Rcr i» mo*nblc, And oo bcinj turned to its jdaco Fa«> 

m down into n notch mailQ to receive it In the cireumference of 

k plate wliicli Cannes it. To o|icn the lock from the inside notli- 

S It DHceRsiry but to )ift (he thiimb-piuco from its notch and turn 

Ic Ibo lever by a tingle inotion ; but to epcn it from ibo outsida 

E|mpO»>iblu. Varroas stylu) of all sash-fiists are made, to corre- 

' with broate, HilvervU, or the cheaper kind of metal furniture. 

get form tlic only oilwr ariicto of importance in iho hardware 

ilor't order. Sulid bi'oaze metal, polished brass, 

r ploift, " OostOD finish," — a brown Incqueri 

I, remmUing brnnEe, — black j.-ipanncd iron, cither plnin, or with 

ir np bronze tlpa, anil plain Iron, are o 

lad of llio architect. If xolid bronze, 

ire itseil, only tlio hcH qunilty, with stud bushings nnd 

^1 wothen should be useil ; ns tlie softer mctul wears out rapidly 

1 (lie rootctnenl of the door. Iron, eitlicr JHpauned or Doalon 

I. for hard-wood doors, with lips eitlier of the sainu or of iollJ 

ir pUted, and pUin for doors intended to be painted, forms 

^Uio whole the Iwsl materinl for onlinary dwell itig-liousos. Most 

■re now filtO"! witli ** looac-joint " butts, which 

U) door, after opcninj, to l>e llficil oft ami ri'- ^**^S^^"" 

witbout enfcrcwinj tlie liingu. With heavy 

t, however, iliere 1* danger of bcmling tli« projecting pin of (lie 
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LiDge auring this operation, and it is better to require ''loose pin "* 

butts, in which the pin itself can be drawn out frum 
""^JJJJ^" the top and the door removed and replaced, with as 

much ease as in the other case, and greater safety. 
Young architects occasionally forget to proportion the size of the 
butts to the circumstances of their door-frames and architraves, and 

find, too late, that the doors of their best rooms can- 
^^naulrJS^ °^' ^ swung back to the wall. Where the openings 

are finished with unusually thick mouldings, Gothic 
beads, or pilasters, the proper way is to make a horizontal section 
of the door, with its frame and finish, including bases or plinth 
blocks, and capitals, if there are any; then add the extreme projec- 
tion of the trim from the plane of the door, to twice the thickness of 
the d(x>r, and deduct half an inch from the sum ; the remainder will 
be the minimum width of butt which will hang the door securely 
and throw it clear of the mouldings. If the result does not corre- 
•fpond with a regular size of hinge, the nearest size larger should be 
Fpecificd. Butts arc made of several Avidths to the same height, as 
4" X 4", 4" X 4}", 4" X 5", 4" x 6", and so on ; the dimensions being 
those of the hinge when opened flat. 

For the remaining small items, as coat-hooks, drawer-pulls, and the 
like, all that is necessary is to describe clearly in the specification 

what is wanted. In certain cases draAver-pulls must 
Small Items. ,-- i^^i ,. . 

be of fancy styles, but for closets japanned iron is 

much the best material, and the simpler and smoother the pattern 
the bettor. Architects and builders often go to a small unnecessary 
expense in putting fancy cast-bronze or Boston finished pulls on 
I heir cases of drawers, which serve only to bruise and excoriate 
the fingers of those who handle them; and fit up rows of roughly- 
finished bronze metal hooks, whose edges quickly cut the material 
of clothes suspcn<le(l from them, while the artistic knobs and curves 
with which they are adorned always prevent them from being as ser- 
viceable as the plain, strong triple hook of japanned cast-iron. 

It is important that the youni; architect should inform himself as 
to the character and comparative cost of the various kinds of me- 
tallic housc-furnishinjjs, and describe distinctlv what 
Filing Prices. , . . , .^ . . , '. 

lie requires in the specification, without resorting to 

the slovenly practice of specifying that the different articles shall 
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r IroiB llic cijsl as let Uown in Uiu priuL-liala, nnil l. 
F ft given price, lugtcail of n ^run kimi, b iiranliy ti 
t to pay a lurj^ prolit uu gawU whieli lii.' might have obtiiinud for tlie 
Kt vdliin if they liod Itck-n distinLaly desuribod. 
If t]iu arcbituul liasi Uvua wive enaii;jh lo demand spi!cific articles 
f of Imrdnnro fruni munuFiiL-turerE of good repuliilion, thu rliity of thu 
I «iip«rintuudt.'Ut will n.-i]iui-w lUlIe more of him than 

GH tbiU tbo order is correuily niM, nnd thnL "•■«»«'<"">' 
1 UW fltliiiga uro pri>in^ly pat On. If, iioiicvcr, the 
I Ipaclltcation is one of tlia Ilind lliat vngiiely slipulalca tliat ;utb 
TBUteriiil* >bnli bo "good," or "neat," or ''worth two dollars pep 

in," be mnst prepare himself for a rl^id "Inspection of thu goods 
f fumiihed in aceordunce with it. Tlie bronta bardwuro of all kinds 
I may prove to In: of soft yellow tnttui, with a thin bronze linieh over 

r even of iron skilfully liM;qtii.Tird or broDiccil ; the lira^s faces of 
[ bxla Aod bults may be fiutitioiis, vunsiBiiog of iron, varnished with 
I fdlow Inoquer, or brass-pUted ; tlic eilverod-glass knobs may h« of 

Ixbuioo »o thin, or eo oarolessly blown, as to crush in an incau- 
r Uoua band, inflictin<; fri};htful woundsi or any kind may bo so feebly 
I MCQTvU to tbu metal Ehank as to come oIT altogothcr upon occaiioR; 
[ or tba bingvs may be destilnle of washers, and will soon creak pain- 
I fully. Tbo eases of cheap mortise locks arcoften matle, to economize 

aiti, to iliort as to bring the knob witbin ah inch of ilii! edge 

of thn iluor, so ihnt the hand is scrupvd against tlie rehnic of the 

L franu: wlienever the door in sliut; or sometimes the width as well bi 

1 tlu: Icnijlli of thu cnxu is roducod, and the knnvkbi t'um« into pninful 

[ eoatwt with ibe key on inrning the kuob; while occutionnlly a lock 

lea wldcli allows the door to bu opened by turning tlic knob one 
I way only, Initcul nf both ways. The screws furnisliBd for putting 
I on cheap hardware aru also generally too small, so Uiat the Gxturi's 

inwctiri'ly fastened ; and liin worst workmen will incrcaiie this 

I by their fasliion of applying them, which consists in driving 

llug screw nearly liooie with a hunvy bUiw of iho hammer, finishing 

wUb a turn or Iwo uf tbo icrew-Jriver. Such mL'n ol«o genemlly 

[ tin w an cxaipc rating IndllTereni'e to tlie appearance uF their own 

I «r othtr't work, pulling on bronie melat or jupunntid fittings with 
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plain iron scrcAvs, instead of biued ironor bronze, and usln^ them of 
different sizes, or several sizes too large, if necessary to save them- 
selves the trouble of going after suitable ones; screwing hinges, 
bolts, or plates at random on veneered doors, and if they fail to fit, 
removing them and screwing them on again somewhere else, leaving 
two or three sets of screw-holes yawning in the polished surface of 
the wood, or in a hundred other stupid and blundering ways defac- 
ing the building which they help, after their fashion, to complete. 
Continual vigilance is needed to discover and correct such faoIt!% 
and the superintendent of ^ house which on delivery to its owner 
proves to have all its hardware perfect, well put on, and in good 
working order, has at least some qualities which particularly fit him 
for his profession. 

While the joiners' wftrk is going on inside the house, the opera- 
tions of drainage, grading and sodding outside should ho com- 
pleted, so that the dust incident to them may be laid 

"^■cra^Tng""^ before the final painting. 

Unless, as will rarely be the case in the country, 
drainage by regular sewers is provided, the first of the outside oper- 
ations should be the selection of a site for, and the construction of, a 
cesspool of some kind. Usually the position of this is 
marked approximately on the plans, or indicated in 
the specification, which is necessary in order to lay out the plumb- 
ing intelligently; but circumstances will often modify greatly the 
character of the construction as executed. For most houses, the 
ancient leaching cesspool or "dry well" ia still adopted, as the 
cheapest means for disposing of house-wastes, but the architect 
should examine all the conditions with jjrcat care before lendinjj his 
authority to this expedient. If the house is supplied with water 
from a town or city service, or from springs higher than the build- 
ing and at a considerable distance, and if the lot on which it stands 
is so large that the inevitable poisoning of tlic ground by the soak- 
age of putrefying filth will not affect its inmates or their neighbors, 

the leaching cesspool may be reganleil, in view of the 

tlon'o^'wens. o^*'^^^'* ^^^^ ^^*^ trouble of other devices, as an evil to 
be tolerated so long as the favorable circumstances con- 
tinue. If, however, water is to be drawn for use, either in the house 
or stable of the proprietor or his neighbors, from any well withm 
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e liunilreil feet of itie proposed cesspool, and oi 

T IcTcIrtbe ard;itcct alioiild refuse Lis sanutioD to 

IT far diMbnrging lewngc into tlio Biibsoil. 

a rock}' diilrkts, and in placi't wlii^re deep wells 

pmvh greater distance Bliuuld inlervenu b(>twei!n llieni iind any 

MM OvrnpoolB. 

dt U poailivelj- pruTPd tli;it tlie lyptioid po(*oii eonlitinetl ju tuUi*o 

nrn upon Uie groimd on a rocky Iiillaid?, and wnalied \jy (bo 

n into eomii liidden enMU or depression in tiiu \vAga bencntli ilia 

^ boa lN«n carrii'd down willi its quulilit^s imetisn^cd, [u in- 

t wilb TCry fatul offect it s[>ring, apparuatly of tbe purest walup, 

ttik beyond; nnd It may geDurally be assumed tbitt iritb sucli-a 

•oU tbe crOTieea throngll wbicli llie liquid escapes from a lunvbin* 

qdI nrc, if not tba mune, at leutin coramunieation more or lesi 

:t wUIi the senins vrbidi. ramifying in all directions, serve to cun- 

o tltu ifdls of tliu neigliborlicHxl, If, again, a welt in « 

t, gravelly toil is very deep, lUe extent of llie nreit from wliich 

3 supply is enormously inereaMMl. Tbu pumping ont of 

n gravolly and eUy«y soil for a dry-dotk near Lon- 

ft Orainwt wells at a illstani^« of mucb more thnn a mile. After 

B linnptng was disconlinoed, the vrolla grailually lilleil to tbelr nor- 

fel, tlinnin^ iJint the water was drawn from them to tbc cxc.i- 

1 Jnring tliu pumping, and iliat if tliey Uwl contained foul 
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e ttrriet, ar frotn a ipring or well wbox) bottom 
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I with n dry wall of none or brick, and the 

^drawn over in ibo form of a rnd« duma, leaving a nion*buIe about 

nty incbei in diameter at the top, whicli should Ihi euTUrod with 

bttlunR. ^Vooilen covers soon rot, furiuing a dangerous trap. 

lI way I) lo tin ibe height of the masoDry »o that Uie top of 

! sball corao abont four inithca bsnuaih ilio sod, whkb aay b« 
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cither carried over it, concealing it entirely, or torned down neatly 
around the edges of the stone. 

In sandy or gravelly soils such a cesspool will dispose of the waste 
liquids of a house for a long time, but in the course of years the 
earth around it becomes coated with the fatty deposit from the sew- 
age, and a new cesspool must be dug. Where the sand or gravel is 
very fine, or mixed with clay, the stoppage of its pores takes place 
quickly, and as years pass by a continually increasing chain of cess- 
pools, each connected with the previous one by an overflow-pipe, 
serves to saturate the ground around the house with putrefaction, 
and the air with malaria. In very clayey soils no leaching whatever 
takes place, and the cesspool fills up like a tight cistern, a few days' 
use, with one of ordinary size, causing it to overflow. Such ground 
often, however, contains strata of porous gravel or sand, and if the 
excavation can be carried to one of these seams, the cesspool may 
answer well enough; but if not, and no more favorable spot can be 
found, a different mode of disposal must be adopted. 

The simplest, though not the least troublesome, way of surmount- 
ing the dilliculty is to drill a hole through the cover of the cesspool, 
and set over it an ordinary pump, by which the liquid 
Tight may be pumped out at intervals of days or weeks, ac- 
cording to the capacity of the reservoir, and spread 
upon the grass, or utilized in the garden. A small tank on wheels, 
which can be filled at the pump and conveyed quickly to the point 
where the fertiliziug fluid is to be applied, is much used for this pur- 
pose. The operation is not offensive, or only very slightly so, since 
the sewage does not remain in the cesspool long enough for putrefac- 
tion to take place, and the results arc excellent, but the necessary 
attention cannot always be given to it, and a neglect which might 
cause the backing up of the sewage in the drains, to overflow into 
the cellar of the house, Avould be a serious matter. To avoid this, it 
is customary to provide an overflow, through which the liquid can 
upon occasion escape over the surface of the ground, where although 
a continued flow would be offensive, its presence is less objectionable 
than in the house. 

A more automatic arrangement, which has been gaining rapidly 
in favor of late years, consists in substituting for the surface overflow, 
to be used only in case of temporary need, a permanent outlet, formed 
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a series nf opcn-jninted pipfs, laid a (cw iiitliffi btnenili llie siir- 
n; ol tiie ground, wlioru Lliu lii[uid exuding from bo- 
Ben ibem will be absortied, jmrlly by the porous loam ojjtion'''* 
lioU ^irayB forms llio iippi'r etralutUi and partly by 
B roois uf tlie grass or otber vogcE&lion growing ugran the Bu^ 
W. K properly armngeil, tliis systcut is very satisfactory, not only 
){iOMng nf tliD houao-waala as completely, and with ns litclu aCl^n- 
ilS KK tlie ordinary Icucbin^ ccsts pool, but aucompUabing lliia in 
il» wlierc * leocbiug ccsspaul conid nut tie mode, and wbal is of 
on morn importance, perfiirming its work for an inilcGnite period 
ihniit ciuiing nny contamination »F ilif ground, the ai^Iively oxi- 
tlng properly of tin: air contained in the poros of tlie top «otI 
rring to destroy wiili ucrtaintj- iliu last traces of organic impurity 

the liquid, wliii^h if discharged into liio ground a few feet be- 
w, beyond the roat^b of ntmosipberiu cbangus, would retain its foul* 
M tar montli*, if not for years. 



■^^ 




An clSciMiI tystom of snliouU irri;aiioQ must consist of two pnrlf. : 
■ ll^t ooMpnul or tank where llie wasta matter) from tho liDuse 
• ratted Dnill thcr iliniolvc ititaailiin. milky liquid, and tho nct- 
9tk of pipe* wlilcb rcueiroa iha sewage from the reservoir, and dl»> 
[ibUm It into the ground. 'I'lic tight ecnpool slioalil be constructed 
t *ba>n in wctiun in Figure t'3, of hard brick, laid in cempni, 
iMolar in plan, ahout & feet in diameter, and S feet deep Irmi 
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the mouth of the outlet. The walls should he 8 inches thick in most 
hoils. The bottom may bo 4 inches thick, and the top should be 
coTered with a 4-iQch dome, with a man-hole 18 or 20 inches in diam- 



// / / / y •'^ ^^^ 

I / / / / r ^^' ^^-^ 

"///.' y y»' eter, Rnd a flagstone cover. 

^-^ Whether the cover shall be 

tight, or be provided with 
a vent hole and grating, depends upon the 
arrangement of the drain-pipes. If a separ- 
ate " foot ventilation " i3 provided for the 
main drain near the house, it is best to keep 
the cesspool closed ; but unless fresh air is supplied 
at the foot of the soil-pipe by a special inlet, a cir- 
culation should be insured by omitting all traps in 
the drain, and providing a grated opening in the 
cesspool cover. If, as should always be the case, the 
soil-pipe extends through the roof of the house, no 
annoyance will be caused by this opening into the 
cesspool, as the draught will be inward at that point. 
The inlet ])ipe forming the extremity of the main 
drain should enter the cesspool just above the water 
line. The outlet pipe should have a quarter-bend 
:emented in before setting in place, as shown in the figure. The 
mouth of the bend, turned downward, then protects the outlet from 
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I wliicU tloait al llic surfiice of ihe liijuld, anil would soon 
I -clirte Ihe irrigntion p\\>m. 

Tlio aalict iitpi. uCtur luaving llie uesspool, slioulU be laiil wiUi ft 
Tcry goolle lint purfetily uniEurm piluli, willi brant'lies as iiiilicsteJ 
I in Figure 114. 

Tlie b«Bt uiwle it to uiake it of vitrilied pipe, laiil willi tlie " liubs " 
I punling daimwunl, instead of iipwai'il ia the usual nay, aud liaviog 

K X luMrtiil twtweeo every two liiitgilis of atrui^lit 
1 pifw. All llifl Joint, should be- mnileUalitaml smooth "'pf^"'"* 
witli c«nieui, and into the latirml branch of ovvry Y 
■lionM be ccmcnivil a picco of agricultural tilo drain. Tliu viiriliL'iI 
I |d]ie forming the uiDtn varriur may be 4 invlies in diaini'tor, und the 
■gricoltnrnl lilu should be !-indi ; the ¥'s (oriniug tliu connuciion be- 
ing of the kind onlluil i x 4-iuuIi. Each lateral brani^b should llien 
I be cuotluui-il by a line of s^riunlturiil tilus of ilio reiuieite li'tigtli. 
I li (In; «loiM.' o( tjio lot [wrniil.', the oiith-I [dpe shoiitd Icavu tlio cost- 
[ pMil at luait two ft-ut below tho surface of tUe i;rounil, running how 
ich dirfetions oslobrin^ it, before it l>egins to rarnify, about 
' twelve ini-liL-9 Iwluw thu sod ; and llio samu or a loss distanco below 
tlw nod «houl<l bo maintained tliroughoiit the sysiem of branebes. 
All tlia tiifjos iiiuBt also be graded to a imiforni fall of not more than 
obe [null la twi-Dly>Iive feci, and to fulfil ihcRu two reijuireuieDts it 
I will generally Iw nKceeaary to lay all llie line? in curves, itclcrmlned 
ray l}i6 IrregldoriUcs of tlic surface, and following very nearly a so- 
~ ■■ of ronioiir linos of the ground, 
Tbe lll>-s forming lliu lateral brnnclxM ^lould be UM i incli apart, 
I B tilt o( jiaper put over llio joint, to prevent earth front silting in, 
ihn ircnchi-H then nilod. Elilicr round or solo tilo tnny be nseil, 
*ulu tilu are preferable. If round tilo* are employed, llicy should 
a bth] KUkoiil eollum, and pebhlui (int on each side to kuv[i them 

n ralllDg out nf plaif. 

Tli> end of <ho main line of vltrificil pipe should not l>c clowl, 

tut It roduenr ahould bo Iniorleil. anil ihu line continnod witli open- 

l,)uialial tik-!', in ihe raino way as llii' latoral branehen. The [irioci- 

Ljsll obJKL to Iw ko[it in view i« ilio nvuidanec of any cheek to the con- 

JtUniKKii flow of ilia mwn-j;« iinill It Ihih'i' front the Inierstlcei of ilie 

Itihttin inei>. to lie abnorlii'il und nxlilliied In tbu soil. If any Midi 

ock If oDurvil by ilio di>idaevmi'ni of a pip«, a sudden dip In > 
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line, or on abrupt change in ilireccion, the liquid will tlirow down at. 
Iliat (HHOt a (Mpious black sedioient, cboking ibc pipe in a fuw weeks, 
or, if ihi! main line ij closed at tbe end, filling it like a poi-kct, nnd 
*iiece»iivolr (.Milling oS tbe lateral braoelics. Willi llie grealuBi care 
tome »toj>t>age! will take place, and it is wiie to ]>rovide cnouirb 
laioral jiijie to dispose of ant- (lossible flow, witli a large margin fur 
coniingoncioj. For an onlinarv dwelling-bouse, inhabited b_v a 
faiuilv of live or six persons, five liundreil feet of lateral outlet pipe 
is the bi'sl rule, and ibe qiiantitv must be increased for a larger 
bousfbold. The eliaraulcr of the cubsoil, whelbttr clavcy or sandy, 
makes with tliiii »yMein vi-ry link- difference, the exudation being 
absorboO nlmost wholly by the surface loau, wUich is always porous 
enough to take up a certain ipianlily <A liijuid. 

On ni'i-ount, proliably, of the elieniieal action of the air by wlLicli 
the u|>[H.T Mill is piTuicated. the sew.tge distributed through it leaves 
no traie of itself. Unlike the earth aniuod a deep cosspool, whluli 
when uncovered discloses a foul saturation, the soil surrounding irri- 
gation pipes shows after years of M-rviee no trace whatever of liie 
organic nmiter which han jih»h.iI through It, and if the |iij>cs are 
ean-fnlly laid, either on hanl ground, on strips of lionrd, or in the 
earthenware ehaiiDel pieces inude for ilie iiurjiuse, so as to avoid de- 
pressions which niny collect seJiuimt, they will work ]>erfci.ily fur an 
indclinilc [koriod in any kind of snil. 

Tlie dl^lHisition of the surf ait'- water nlwiut the houiic is a matter 

only seroud in iuipurl.-ini-i- to that of drninnge. The main point to 

be kept ill iiiinil is that the giMund ^hould everywhere slope nt a very 

^ seuMble pilih awiiv fnun the buildin'', so as to throw 

■urfBce Watar. ' , ■ , , ,, ,, . - 

ram-walcr far eiioiigli away From the walls to insure 

its absurpiiun by ihe soil, or iis hnnn less removal by surface ehnnnels. 
If at any point the ground should be allowuil to pitch toward the 
house, the water of spring ruins will be direeteil against the walK and 
sinking throu<,di the soft earth which fillx the trenches oulsido of the 
masonry nil! make holes or "gullies" close to the building. If the 
walls are well drained in the manner previously ilescribed the water 
may pa^s away without finding an entraneo into the cellar, but the 
stone-work will !« soaked, nnd the loose soil carried down by the tor- 
rent i^ liable to be washed into the drain below, so ns to choke it and 
render it useless. This point is generally understood among Cvdntry 
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f CbntTftctors, bat it it likely ta be neglected in prnclicnwhenllie |ii'n|ier 
R^Rilin;; liii|i|>eii3 la bo incoovcnicnl, particukrly undt^r piaMos niid 
l|^rd)e», wlicrv di-ep htilea are often left, lo ccillL>ct the stTcnmt of 
■ vaier wliicli tonk tliroiigh from Hie outuile, and dirt^ut tliem ngsinnt 
' • boUding- 
The linus indicating the lartavo of ihu soil as it is inleodi'il to be 
lirlwn tlie wnrk i» doog iliould be marked upoo the underpi lining, 
ring in mind thut wlicrc the ground la la be grassed over two 
]» will bn nuoduil, uno Rliowing tiia grudu of the gravel or ordinary 
"til, and tliu utber that of the loam wbich must ba ploeccl above it 
to Miiijiurl tUe propiwed vegetation. AVhore loam enough is at hand 
lid bo vpreuit two feet deep. This will nllDril a gtrong. tliic-k 
I of gT»«> from WGod in a single season. In ordinary caRet, 
revcr. It is n^ceifary tn be contented witli B fool or so : loss llinn 
S uminot be dejwndud upon [o proiluou or sustain a iinifarm sikI. 
nul coDtrnciB, where Uie subsoil is sautly or gravelly, the 
iclbg of the cxcti?aied material at a projicr gr^e around Ihu 
t, placing the loam on top, with the fonnalion of a gravcllod 
tkwuy to lite doors out of the subsoil material, will tonittitule all 
to be iixpocted o( Ilia contrnclor; an<l it will remain for 
r or his surdcner to amooUi the surfnco of rhe loam with a 
I, lay a ]in« of soda at the edgvs of tbc paths, and sow ilio rest 
I " lawn seed," and then drag a bunch of twigs or n treiv 
Ml Itgbtty over it, and leave tho re«t to nature. Whera a bank 
• forms part of tho ]>lan it shoiilil bo soildt'd all over; other- 
ill need lo be repaired after every heavy rain. Sods should 
• laid In a bed vieU soaked with water and kept moist for some days. 
' Ii will oficn bi! funnd diflicult on sloping ground to keep paths and 
MTe<<iay5 Fnnii waibing away in scrvre sturus. and even edging litem 
1 pavcl gutiers does not always kvep ihvir surfneo in place. 
BcU «lt«e<« are usually duo mueh more to the working in of water at 
I* uf the path, under tliu surface, llian lo tlio direet aclion of 
I, wLleh would bavo llltio pi^wcr to disturb tliu gravel unless 
■ly liKiMined hy the latcrnl tnrillralion of trnlur; and ttio licvt 
tdy Is to inturccpt titih infiltrations from ihe sides, nnd at tlio 
tt lime drnio tbo suh«>ii at the path, by tncnns of trenches UlUd 
h flones on eneh side. The trunulies are best mailc narrow, bin 
]t; sbthwn or uiglilwn Inches of breadth by two fv«( u( ileplb. 
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Wlierc pebbles of suitable size are plenty a muroir patb may be 
Coui|i!ctcl_v Glleil ia nitti stone to withia six inuUes oE llic surface, 
vhick gives goDtl rOEults at troasiderable expense. Driveways on 
very eo«Cly estates are occasionally built witb a layer of broken stone 
one or two feet deep ; or sometimes a single " Frencii drain " is run 
througli tLe middle. The latter plan co'ts nearly as mucti as tlint of 
tiro lateral drains, and is far less eEFectivc. It is impossible to InLe 
too much pains in the laying out of avenues and patb», and tlicy 
should be marked through their wbolo extent with small stakes on 
each side, three or four feet apart, so as to judge of the effect [roui 
all points before work upon them is begun. 

When the dust incidental to these operations lias subsided, lite 
painting of the exterior may safely be completed. The first co;it 

has, or should have been, ]mt on as soon as poei^iblc 
OuMld« after the settinc; of the wood-work in plate, to prevent 

It from warping or "cheeking by exposure to the 
eun, and will now be perfectly dry. The next step will be to till up 
all nail-holes nnd crevices with putty, and for this purpose the lieailn 
of all the nails ujcd for securing the exterior finish, in<:luding cla]i- 
boards, must previously have been " set in " to a depth of j of an 
inch or more. Then, beginning with the roof, the house is to ho 
painted downwaril, so that the portions already finished may not be 
disfigun;d by spattering* of a different color from above. With tlio 
mineral reils generally used for roofs sotnu of the color is agit to 
wash down with every rain for two or three weeks after it is put on- 
to that it is advisable to have this portion completed and dried as 
long as possible before painting the walls. The colors will generally 
be eliosen by the architect, whose eiperi'sncc ■■> omrii matters will 
save him at least from the glaring blunders which amateurs arc liable 

10 make ; and the general rule is (hat the smaller the 
Chaica of building the lighlcr its color >liouId be. Tints of green, 

yellowish, brow nisli or grayish are by far the most [mp- 
ular, nnd with reason, since the blending of such colors v,iih those 
of the surrounding vegetation serves to connect the biiiidtng with the 
ground nnd take away tlic fragile, portable look which all buildings 
exhibit whose color contrasts sharply with thaflKf neighboring ob- 
ject.''. In rocky districts the gray of (lie Icdgc-s nii-,'ht al.'O be su^ 
gested to some portions of the building with excellent result*. 
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Wlioro tlic slrucLurc i» dirpro^xurtioDatvIy Ui^h it Ib advaDtngeous to 

■Mko a ilt'cidei] (ILScroncc in the color o( the paint between tlie first 

I MOil awuiiil vturiur, bearing in mind tliat wlicn twodifFereDtculors ore 

I ylHCtHl Mv liy Bidti tliey luust be ui very difTerent abades, one being 

LUgbtftml nan dai'k: uuver boib o( tlie same or anything approauUiitg 

EVw nine il«plli. Tbo first story may be » dark bronze green and 

f Die Mwond a. raW'sicnna yellow, with very good cSuct, and a bousu bo 

|>iiitiid will KKin niuub lower and more liome-liLe than if only a 

iGgItt varistiuD or nuoo at all wure madu in the tint of different par- 

WUero llie proportions of tbu building are sueb tlial any ajt- 

fSiteul l(i»erin<* would injure it, two iligbtly different sbades of tbe 

« color may be H>>ed, or the whole p.iinlcd of one uoifcirm lint. 

■1m caifngR, comer-boards and blinds ore usnnlly pointed of a darker 

ti»de than the reitof the liouM, the lilinds being sometimes Ihedark- 

tt of all, nnd MmuUiues of an intcrmi-diate tint bvtween Ibnt of Ibe 

Vjf Irimmiugs " and lliu plain wall; but tlie arcliiU'Ct will be able to 

■ Judgu in cat^b partieulnr caio what treatment will most enliance tbe 

|-afle4^tof rlw design. 

Ill tlie durability of tbe various pigments used in bouse-painting 

I lltcni i» ten ililTurenL'e iban is generally supposed. All colors fade 

^Wnnewbat. and as llio darker colors, Huub as olive and sage green, 

low lliB effi'Gl of fading more plainly than tbe old-fashioned pnlnta, 

■Jku'Ia *n>I light grays, they are genorntly ihoiiglit to change more. 

m lieat UKlhoil uf presurving the fresh look of an olive or bronxe 

n U to put it OD over a Gr>l coat of red : while lead strongly 

lOlanJ witii Venetian red, or with Indian red and yellow oclin^, will 

a ter^ Will. Tlie green covers it |*e r feci ly, taking only a traai- 

xlliiw tone, wbleb la very pleoianl, and remains long after 

s of green would liave foiled to a brownish shade. Tlio 

Ml fagitivH of ordinary L-obr^ fur exteriors is vcrmillinn, which 

I uhaugiNi, unless uuOfr v<«ry (itrorablu oonditiont, either lo ■ 

•ck or white. Yellows bleiidi out by expusiirc, and browns awjuire 

n Atb]r (hade, although tbey are ])erhaps the most purmaiient of ull 

rdtnary piKmeni*. Mineral rods for roofs toon blat-kun. 

k I'ko superviiirin of the pnlaling work i< not no OilllciiU u) ihc fn- 

miiuiUun uf the mMerials used. It is Imrdly n 

a say tlial wliatover may be the composition of iho 
»nd M)al< Uie first uoat should always contain a large proportion 
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of white lead ; not that it is desirable to modify the color by the ad- 
mixture, but because white lead clings to the wood with far more 
tenacity than any other pigment, and retains with it not only the 
other colors which are added to it, but also a second coat of less 
adherent materials. The best lead will keep its hold long after the 
oil with which it Wcos mixed has been washed away, forming tlie 
** chalky ** surface so familiar to us on old buildings, while zinc and 
other inferior paints blister and leave the wood bare. Something 
may be learned of the character of the paint by observing its be- 
havior in the pot and under the brush, and still more by seeing it 
mixed, and observing the names on the cans or kegs from which it 
is taken. The oil is very likely to be of inferior quality, immense 
amounts of fish oil being employed to adulterate the linseed oil sold 
for painters* use. Fish oil dries slowly, never acquiring the hard- 
ness nind resistance to adverse influences of pure linseed oil, so that 
the adulterated oil should be avoided, except for painting tin roofs, 
where its softness has some advantage in enabling the paint to yield 
to the expansion and contraction of the metal without cracking. The 
patent mixed or ** chemical " paints are convenient, and of carefully 
selectod shades, and are said to last well away from the sea-coast ; 
but for buildings exposed to salt breezes from the ocean most archi- 
tects prefer colors prepared in the usual way. Oil paints of any 
kind, after long standing, become "fat" and work less evenly under 
the brush, so that a fresh mixture of good materials is perhaps 
always to be preferred. 

The paint should be put on by strokes parallel with the grain of 
the wood, and long, smooth pieces, such as window and door casings, 
should be finished by drawing the brush carefully along the whole 
length, so that there mav be no break in the lines. No work should 
be started in the morning which cannot be finished before night ; for 
instance, if one side of the house is begun, it should be completed, 
if not to the bottom, at least down to some important belt or other 
division line : otherwise the junction of the portions executed at dif- 
ferent times will show as an uglv streak. 

Where a building is much exposed to the weather, three coats of 
paint will not be too much to preserve it; but it h usually better to 
include only two coats — the priming coat and one other, in the con- 
tract. In this way the work will be better done, as there is less 
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'Oi'er up deficicociei, and the (initit h less liublii to 

e threa coats are appliud at oQce. Aflor two or 

, & third coat may be pat on and will «tsj in 

Is becoming common to stain or varnisb the exterior oF n-ooden 

I insWnd of painting tliecn. la tbe aliingleil Swiss linuses 

D basement is frcqiienlly painted in two colors, while lliu 

■1-work nbore ia always left in its nntural condi- 

\, U» lilru gray by tlie nclion of the atmosphere 

k aimilar trestmcol for pictHrcscjuc buildings, par 

trly in rocky situations, often lias a cbarming effect. Unrlur 

r eircn ID stances, where a greater variety of color is desirable, 

o change the tints of the different portions without de- 

jtyiag the transparent rjehncss duo to the varied grain of the wooi). 

I oil nionu is nccnaionally useil as a dressing, but attliougb 

I eBtvt is j^id (or a time, the wood soon mildews and berames 

Oil of crciasot«, which can be obtained at a low price from 

If gi^wiicka, gives a blnclcisb stain at once. Linseed oil mixed with 

', raw or burnt, Vandyke brown, sienna, or other colors, is 

Mtlmes used for a stain, Buil the surface then protected with wax 

ftTarnlsIi. By applying tliese pigments, selected as pure in quality 

B)pOM>blr, onlil the desired sltoilo is obtained, and finiching wilb 

J of wax diuolvcd in boC liiMoed oil,- a lasting surface of a 

It texture Is prnlueed. Pclhicidile, or other good wnter-proof 

ime purpose as the wax, and the varnish abne 

neiiines used. 

« last part ijf the outiide painting is the "drawing" of the 
a essential that these should be securely pro- 
J against the absorption of moisture, and at least (hrce coats 
It bs applied, of red. yellow, block, bronxc green, white or otlicr 
m may bu preferred. 
■Jhir inside work the samu materials are used as for the outsidet 
tit 1* e*en more necessary that they should bo of the bi^sl ijunl- 
Flifa oil, for Instance, which will soften on damp 
I, b T«ry tinsxitablo for insido use- The puttying {ivo»? 
1 b« done wilh groat care to avoid unsightly 
aail one coat of oil or paiut miist be put on before puttying, 
■vent the putty from shrinking and falltng out through iba 
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absorption of the oil from it by the dry wood. In very chefl 
ho'isi*}!, finiiihed in hard wood or pine of the natural color, two coa 
of o\\ often complete the work, and this application answers wt 
enoiijrh if a polish is not <le8ired. Where, however, a shining su 
face is intended, one coat of oil only should be put on to bring oi 
the rrrain (if the wood, followe<l by a "filling" of patent paste coi 
]K)sition, white wax, chalk, oil mixed with pigments of some kind, < 
with w(Mxl-dust, and finished with sliellac, pcllucidite, or some oth* 
varnish, or a wax polish. Of these, shellac, if simply put on in oi 
or two coats, without rubbing tlown, forms the cheapest .and poorc 
dressing. If, on the contrary, it is put on in tV.ree or four coat 
rubbed down with emery-cloths <lip|)ed in oil after each coat, 
forms the most expensive, an<l the best of all applications. Tl 
patent varnishes, of whieh thrre are many kinds, are easily applie 
and nive, with two coats, a good finish. The hard wax ])oIish givi 
a lieautifiil surface, which may Ik* renewed, wholly or in part, at ar 
time. 

Where a painted finish is intended, the principal point to 1 
observed is the thorough eovi*ring with shellac, before priming < 
knots and pitchy j»laces, which will otherwise discolor the paint ov< 
tluMu. 

li.id knots cannot be " killed " even by this application, and snoa 
bo cut out, and a pirce of sound wood set in their place. The mo 
annoying stains conn* from the minute dots of pitch which oft( 
speckle the entire surface of a pine board, but escape notice nni 
after the painting is completed, when each one manifests itself by 
yellow stain. Some an-hitcvts. to make sure of complete proteeiio 
s])ccify that tlie wlx^le of the pine finish shall receive one or tv 
coats of shellac before priming. 

Zint; is much "scd fur interior work instead of white le.ad, and 
]>rcfrrrc(l bv s«>nic on account of its free«lom from the tendencv 
Icail to turn vcllow in rooms which are not well lijjhted. The eha 
actcT to Ikj given to the surface varies with circumstances ai 
fashion. Usually, a dead or "flattened " fini 'i is preferred, and 
ol)fained by mixing the final coat of j»aint with pure spirits of tu 
pcniine instead of oil. Where the paint is cx])osed to the cont.i 
of clothes or fingers, an "oil finish," containing little or no turpc 
line, is employed, and gives a somewhat glossy surface which can 1 



Jreadfly- Foi- liotcl rooms anil otlii;r jilncen linble to mucli 
r. A "cMnn glofs," m:ulc by mixing ttio paint witb vtirnii1i,Il 
k^o •pcrilioil for ibc IniiE (?oDt, or Uie wliolc ii vnrnlslivil after coin* 
IVUnli'Vcp llie stvlu of finisli, tlia iiimiiimUlian rliould ba 
fcful nnil ncnl. Every toat of [miiiL except tliu last rflioiilil ■» 
ail-jntpcrui] lit n smiMih Sitrfnci', finil In eaeh toat tlii> briisU-nmrkt 
botiU be «o drnvrn as to toUon the' lines of tlie wiXKl-rnirk, witli'uiit 

I If rr«»Oo t'otor Is HWl, llie ino»t exiHTienircil workmc-n only slioiilil 

>]tlot-«il Ui ftpplv it. So miieh ilcitcmls upon tJii- ■_,-. 
jntiMeni'}' of llip kite, ib« nioile of putting on llie 

■, anil ditiGr cirmmttnnces, tlint an iinnccustDmitil tinml is nlmdtt 
« to fall. 

d-WDoil Itnar* arc not nasily finislii'd In a pvrft.'Clly liiirnMo 
& wttiitnclorr manner. Tlii> soft, cUsliv varnislie« wliidi nnnwef 
r tlio ilonrs anil elnmling fmiali are, altliou^^b somu- 

• cmp!o)i-a. unfit fur floors, while ibo LarJ xplrit """^ 

iiJiM, tliousb muro durable, wilt ultitnalvly wonr avnj in I'tnain 

hImh «( llio l}iv)r, iMvIn": tlio porcK of tbo imoil i>K|iowd to dirt, 

ilcbly lilln tbfof, JUiil nfler tlils nothing hntrBplnnln^nnilr^ 

rnl*llin; irlll ntai^rc ibcni. Fur tliln renson, llic anik-nt wax pidi^h, 

Rboagll mom Ironbloixinii-, i» porlmps to Lc pri'ferri^il. Tbc vox 

h tho porci of ilift mMd wi that, nltliough t)ie KurfHce mny Im! vrorn 

ta]*, daft nill not vnlrr no long as any wax remninx, and by period!. 

S wftxinn and repollihing the lloar may bo kujit clean and ildiiing 

^11 abwliitidy itiirn oiii. An advantageous «nbsiiiiitc for Uiu onli- 

;, whlijh in »o ilitky nil 10 need frequent poli-litna to keep it 

ight, I) made by mixing it wlili more or leei hnnl paralfino. Siivli 

■eompound h mmflima nolil for iitein danein^-hall!i In UIoi'kN wlilrli 

^ft «cni[W(l, anrl tho re-mlting powder xral'crcil over the Huar and 

pbbtdinld tbo wooil by the feet of the dnnecra; hut tho hr!<t rarjc- 

) acftened with turpentine to a paste, which is loM in can*. 

Bbbl acK<i§ only to be a[iplied evenly over th« floor, and after n few 

~lar»' drying iiullBhed with cloths, or willi weighted brutbei, nrndu 

» ihfc porpoM and dragRod to and fro over the n'oin, Tho mniu 

'uhM are imtrd lo'^iriglilen the aitrfnce wbon it lieeoine« doHi and 

I fpat* can bo brought back to an equal |»>liA vitti iho mt 

fm mrw nppnoAtlon of thn wax. 
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The glazing is usually Jono by tlic painter, nho scdJs the saalies 
to tlie building witit the glassallset, and lliusii|>erin(en<l(:[it will bave 
little to do except (o see lliat tlie glass is of llie apeci- 
(led quality, and ibat all llio work is li^ft wliolc uod 
clean. Tlie diSeruncu between firat and second (jiiiilily slieet-glass 
must bo learned by observation, and in judj^ing of tlie glass in a 
building it must i>e rcnicuibei-cd that it is niueli easier to obtain small 
lights free from defects or uneven places than large one? ; and that 
double-tliick glasii, siicli as should be spccilied for all lights larger 
tiian about IG" x 30'' unless plate-glass in used, shows any unevcn- 
ness of surfLice more plainly tban the thinner sheets. 

This last item having been examined, the young architect's duties 
of supervision will be ended ; and it will only remain to review the 
notes which he ou^^lit to have made during the progress of Ihe build- 
ing, in order to (ix in his mind more clearly the observations con- 
tained in tlicm, anil tliereby prejiare himself to carry out his next 
coiuinission with still greater satisfaction to himself and liis client. 
2Iure particularly for the information of persons intending to build, 
an actual set of spcciGc-ations for a country house of moderate cost, 
together with contracts for the same, will Follow. 
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I VOItT tnt Vxiarxsui Knuor, KmiMMK. S. Y,, nttt Jauf* .Tatnrkis, 
I Baifc. inO.K Ton Ti-iim jtxo csticit lui: livrKst.vrKMi.'iiva "V Mu. 
, titw-t-iui TVKo, AncnrrnTt, U Kuuti brKsKr, Alhasv, X. V. 



aKNeRAL COMUTIONS. 

Kack ooMrALtor 1* lo provlJ« »n Materinls anil labor necessary 

Jlor ibp cuaipl>-)L- and snbsunt 111 execution of b very Ihlnj! described, 

n'»i<unul>1)' ImplleJ In tlio ilrnwinifs and xpocilicaiions for 

^itpartoF ilm work, inrlndlog nil trnnfl|>ortiit'r(in, pcnffnlding, nppa- 

~ iiiondls KqnUtle for tlin tatnc; all maturiab to bo the best 

F tbrir rcipL-ctive kimU, and iill workmanship to bu of llic bust 

Eacb contractur t» lo »«t out Ids own work porrectlj and is to gl 
I pertonni uttporlniend^ucCi keirping al»o ei compuii 
rwi»iim\v nn llio ground, Bnd no conlraclor ia to eulild iliu 
of I'lA^' wiiliont ibc writica coniwnt of ilis 
•'•n't n^^ptiiUiorixi'd ri<pr(!3<mtiitivc i* to linrc at 
iliif work.nhicli ii lo bi! entirely under liiscomral, 
I nolk'u ri-Hiuiru uny uonlrirlor to disinifs forllirriUi 
L juji.li iruilujuji, .ij lio UconiK Inconijietiint or carelus*, and may ul»o re- 
ooniiaclor lu ruinovv (rom ilie jiroml«eR such of liii mate- 
I rial' or work a,t \n Ills opinion aro not In accordnoce wlili tlie t^vti- 
W%KM\i<n, nnd tr. (iihutitulii »»ltIioiit dday talMnt-xmy work niid male- 
I iliili, tlm iixp<^n>c of doing ta nnd of ninkln^ £;ooil otlior work dl»- 
1 lurboil lij- lliF I h;tnge to bo bnrno by tlic aniil ronimctor; nnd ench 
Mmct/>r li aliui at III* own coit to omcnil and make gofxl any d»- 
1^ MUlomenli, slirlnkai^ or otLior faults Ui Uia work arlslns InJin 
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defective or improper materials or workmanship which may appear 
within twelve months after the completion of the building, and is to 
clear away from time to time the dirt and rubbish resulting from hi.s 
oiKTHtions, ami cover and protect his work and materials from all 
damage during the progress of the building, and deliver the whole 
clean and in perfect condition. All work and materials are to com- 
])ly in every respect with the building laws, city or town reguhi- 
tions and the directions of the Inspector of Buildings^ and such 
building laws, regulations and directions are to be consideced as a 
part of this specification and the cr):itrTct to which it relates. Kach 
contractor is to give to the proper authorities all recpiisite notices re- 
lating to work in his charge, obtain oflicial permits and licenses for 
temi)orary obstructions, and pay all proper fees for the same and for 
u*:e of water for building, and entrance into sewers or drains, and is 
to be S(;lely answerable for all damage, injury or delay caused to 
other contractors, to neighboring premises or to the ]M*rsons or prop- 
I'lly of the public, by himself or his men, or through any operations 
under his charge, wheiher in contract or extra work. 

The contractur for the mason-work is to have charge of the j)rcm- 
ises subje(;tonly to the right of other contractors, the owner "and the 
architect or his rej)resentaiive to have free access tliereto, u ntil th cT 
[^///j is on, and is to j)rovide and maintain all requisite guards, lights, 
'orary sidewalks and fences during thiit time; afterwards the 
•actor for the eari)enter-work is t<) take charge in the same wav 
until the whole is comjileted. ^ ^^ 

Kach contractor is to carry on h^^^Bk at all times with the 
greare>t reasonahle rapidity, uncler thw^^ction and to the satisfac- 
tion of tluj architect. 'Che several i)ortions are*lo"b'6~CTynipl6tCd "Sn 
or before the following dates : 



Foundation to be rcndy for sill XTcmhcr 1| 1883, 

House to 1)0 entirely enclos<.Hl December 1, 1883. 

Cliinuievs and piers to bo lluisliod " ,7^ 1883. 

]\:u'k pla-teriuij " 10, 1883. 

Oiit^ido tinisli completed and iut{!iior ready for 

plMsterin? Tamumj 20, 1884. 

Plastcriui; completed Fcbnianj 10, 1884. 

Interior wood- work done Jpril 1, 1884. 

Taiuters' work comi>leted " 35, 1884, 
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rately 



■■cavaiion. 



EXCAVATtOX, KTC. 

Set proper hntter-Mnnlg an'l mark oal the b'llMla; iti 
under ihe dSrefilinn of tlio arcliileci..' 

Take oS tho wd ami laam fram kik- uf liouic nml 

Tot eisUl feut aiUlilionnl in vidtb all arouii'l. Excnvate the rellnr 

to a iJuplti of (ivi* (eut b«l->w ilia hti;liUBt p.irt of tlie groumi cov«n;d 

b;r ttMlialldlng, nvUcing tlia cxcuviktion ci^lit 'iadma , 

wldrr all aroiinil tlma llifoiiE'ilda (tt loiinilittloD-iriilU ; 

I BXCftraie trunchus for xW walls two foet below cellar boltum, and (or 

footing of piers and clujiincya cizlit inches below cellar bottom i CS> 

I cKvotB for poets and pien iit pnrclius nnd pioxxaa four fent below 

Cpr aic ot turfooej cxcuvate tntnch four fuct thvp and lone hundrttT] 

Ent'lorj for drain-pipu, and excavate cesspool eight feet tn diame- 

• Hriail twolvo feet deep, Bxc;ivate for dry well to each rniii-witter 

tAvr wlitiw dirvcteil, etj;bi (eel from lli« house and fito feel deep, 

t) fer trvRitli four feet deep from endi <1r;r well to house. 

[aHKAB, OlftTERitS, ETC.] 

Seforate the tonm and ilock by lliiulE wliore directed, i 
tlie oibor canli frooi the exeavation* wbernver Jireclcil tlMrr r^ 
iMKtbwd feet of ibir building. Clear awuy and ruraavo all rubhl' 
eaiircljr fnmi (lie premises at llie completion ot the 
buildinjt. IE.-(llldry welUnDdarouudcellat-wsllitwiib "J^,^" 
I ilones ^jrr\vi-\. Itefill with ordinary earth 
f aroiinil eewp^^^^^^ ]»"", und pipe*. Ram lborun<.'1ilT it pud- 
dle witli wr , iiii^^P"^ material everr font In helijlic; iprcad and 
gnd« otinllj^jfrcinalrider of the material from tlui excavation oa 
dinMed, fortnTiis f^aonl-walkii and drivv-wayi neatly, ami elsewbcra 
fpnauliajt Ibu lium nrenly on tu[i, Miwing in the bunt manner with 
1 Uu»fra« (Bid and rollin;[, and tini'Iting with two fei-l in wldlti of 
[ the biBl aodicin each vide o{ graveUwolki aod drive-waya, and tliree 
IlHt in wtilUi around hetiso and piactas, all lo be done In th* be«I 
■aancr. (iroperly oared f^r, watered ami kept In order until tbe 
luMM ]( delivurvd. 
If any hktlin^ iboultl be ncc«"*ary for making tbe excavation! 
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above jpccificil [seren'] cents per cubic foot will be paid by tho 
Lcr [or blasting, breaking up, and removing tlia 
10 ; but nil itone «o removed irliich may be siiilable 
flmll be useil in building tlie cellar walls or piers, aod for all stona 
so takea from the excavation nrnJ used iu llie building, tbe contractor 
slinl] pay the owner at (lie rale of [sfreii] cents per cubic foot. 

Furnipli and lay in tbe best manner from outside of cellar-wall to 

te?s])ool [one hundred'} feet of first <]uality [Portland, Aicron, Scotch'] 

_ . _. five-inch claied earthenware driun-pipe, all uni- 

formly graded, the lied hollowed for tbe hubs, and 

all jointed with clear, fresh Portland cement, and the joints scraped 

smooth inside as lud. Leave the line of pipes open until inspected 

and approved before refilling the trench. Include in 

the line of pipe a five- in cli running trnn of the same 

innkc, nith hand-lioie, to ho placed not leas than six feel from the 

bouse, nod the hand-hole closed by light cover ; and include also .1 

6" X 5" T-brancIi where directed, between the house 

'""^tTon."'"' "'"* '''*' *'''*P' *'"* l""^""^!' °f *'"> T to be turned up- 

ward, and a vertical five-incli pipe of the same make 

to be brou|j;ht to the surface of the ground and coverml with a projicr 

ventilating cap, all joinlcd with cement. 

lidi and lay four-inch ginzcd earthenware pipes 
Pipe* for of the same make, all jointed in cement, from c:ich 
Rain-Watar. ,]rj. „^,]] to the rain-water leaders. Each ptpe to 
turn with a <juarler-bcnd at the cellar wall and to be brought up- 
ward to the surface of the ground to receive the foot of the leader. 



FOtlSnATIONS. 

Alt the time used in the mason-work throughout^ 

[Rocliand, Canaan, Glci'a Fatl.i,'] and nil cement except that used for 

Lima and J"'"''"S drain-|)i|K!S to be best iTt:sfi[Iio>enila!e, Atron, 

Cament. LouisfUle,'] o! the [F. 0. Norton} brand. All snnd to 

•and. ^ clean and s1iar]i, and used tn proper proportions. 

Furnish all materials anil build the cetlnr-walls 

]S inches thick to the underside of sills of good ledge or other 

approved stone ; the first 18 inches to bo laid dry in tbe trendies, 

and the remainder to be laid in mortar made with lime and cement 






^Undarg round 
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I eijual parts and qIvud, riiarij sand in proper proportion ; Uie 
wLole to be laid to a line un eai^h fate, well bondedr ^ 
ibo joinu lillol with iiii>rlnr noil all to lie thorooglilf 
trowcl-polnCed insiiie nnJ outsiilc tbp wlmlc liciglit, hoUling Oie trow- 
I <1 obliquely so ns to weatlier the pointing on die otilsiile. Set tlie 
but face cf llic stones oulsidt^, Imtli alxive and balonr grounil. Sot 
Uimt fuotiugs lor piers and chimneya and foiindiLlions for range and 
I boiler. . Levi'l up carefully and Led tLe eiK in ci'ment-Qioniir nnd 
point up urotLud it Intlile nnd out)iii]e, and bed and point up around 
franiet of l>a»eiuent wiDilowa. Uuil') piers of dry *tone for front 
graidle ntcp. Leave openings for drain, gas and water pijies, and 
I fill up around lUem aft<:rwardl. 

BulU tlie cosfpool Willi circular wall of dry utone cigliieen inchea 
i tliick. Draw in tliu lup and cover vritli llirve-incli plaiiud bluo-stooe, 
twii fiwt cr{uaru, witk niao-bole and gritted covi-r, set 
in ccmrnt four inches hi-luw iinislicd grade, and tbe 
■oil neatly turned down upon it. Iliiild in the drain-pi]>B propcrl)'. 
rurnishand eel one step of hcst ck'arfCon'iecii'cuf] granite at front 
I poreJi. to bu eight feet long, sixteen iciihus wide on , 
I lopi and twelvo iuohes biglj, seven Inches to be nboTv 
[ poond > the part above ground, top and cndii, lo be pene hainmured. , 
lUI Uie brickl uied in the building except for llrcplace.i, tieiirlh^*' 
I Rml wUlog of ningc, furnMe nnd boiler to bu tha host hard com- 
I brli;k, la bo cnrcfidly culled for fiicin^ 
• abora roof, and all Ut be nuv, wdt-sbaped, and 
sf oaifomi tizo. All to b« laid wet except in freeing weatlirr, with 
joiatf ifaiintaglily Oushed up with mortar, and nil well bomlcul. All 
bdekwvrk to be afterward* plaslenul is to have roujjb joints, utbur 
k tnhavc the Jolnta ncaily Rtrucki and nil work visihle outudti 
} dit hoUM to In waiihod down after completion witli rauHatIc acid. 

Baihl plurs in cclliu* and for outside work A* shown on plans, nil 
I la ba IS" X 12", liud in mortar made with eijunl part* 
I uf liuni and ceniunt and wt-'dged tightly up lo undcr- 
dd« of tnulHtrs with abte eliips in mortar. 

Build tlie okimnuyi as shown on drawing*, with fliics S" x 1 3" or 
I" X 3" at (bnwn, of linfil brick in mortar made n 
one pKrt rt'munt to two pnrts Uiue to andersidv of 
TDof boanllng; nbovo roof W bo of selected brick, furmud accuiril 



Bton«BM»fc 



Brickvrorh. 
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in(; to drawings and details and laid in mortar made with equa] 
parts of lime and cement, colored with Venetian red to a liglit red 
color, and the upper four courses to bo laid in clear cement. The 
brickwork of chimneys to be kept in all cases at least one inch clear 
of any wood-work. All withs to bo four inches thick, well bonded 
into the walls, and all flues to be carried up separately to the top. 
Plaster every flue smoothly inside to the top, and clean out at com- 
pletion, and plaster the outside of each chimney from basement floor 
to underside of roof boarding. Build in lead flashings, to be provided 
by the carpenter, and provide and build in eyes and set strong 
wrought-iron stays, as directed, to all chimneys rising more than fif- 
teen feet above the roof. Provide and set eight-inch iron thimble in 
furn.icc-flue, sixteen inches clear below underside of beams, and five- 
inch thimbles and covers with ventilating arrangement in laundry, two 
feet clear below ceiling, and in two attics, to be three feet clear above 
floor unless otherwise directed. Provide and set also 8" x 8" iron 
cleaning-out door and frame in furnace-flue, two feet above basemont 
floor ; and a 12" x 12" door and frame in each ash-pit, close to base- 
ment floor; and 8" x 12" black japanned ventilating register in 
kitchen. 

Turn 4-inch trimmer-arches on centres to all fireplaces, to be two 

feet wide by the length of the breast ; turn also trim- 

Arches. mcr-arcbes in front of range and wash-boiler to sup- 

])ort hearths not less than 20" wide in front of each. 

Level up with ccmcnt-t^onjiTete or brickwork, to receive liearths. 

BuiM the fireplaces with the rough brickwork only at first, 

making the opening three feet high above top of beams, and putting 

in two A" X 2" wrouj;ht-iron chimne3--bars to each 
Fireplaces* . . 

opening, cacli bar to be eight inches longer than the 

opening. After the house is plastered provide all materials and 
build fireplaces and lioarths according to detail drawings, and cover 
securely with boards for protection until the building is delivered. 
The fireplace in parlor h to be lined with ornamental cast-iron 
plates, of pattern to he soli»cte<l by the owner, and to cost ten dollars 
per set, exclusive of j)ntiing up; and to have facings of French ma- 
jolica tiles, to be selected by the owner and to cost twenty-five dollars 
per set exclusive of j)utiing up, and liearth of royal blue glazed 
American tiles in three-inch squares with border of two rows of one- 



kna un^iazed red lilos 
lonner nml lUoruiiglily 
luivo £ace-brick liciirUi 



black gla/e'l lileR, witb one row batwecn o( Iiow'i tliree-incli 

B, ul jialtern lo t>e selected by the o<TDcr; iLe licarlh !□ 

vide tind i' 0" long, inclusive o( borUur. All to bo executed 

It mftnoer b/ «kil1ed norkmcQ, ihe tile faeinga lo be securod 

e witU poli&iicd brass angle-bars, aoil the lienrth to bu luid in 

(loriland cemcitt, and all to bu tliorouglily bucked up wiili brick and 

M^ike tliu hi.*artli wiibin llia liroplace oC good fueu-brirk. 

• diuin^room firuplacu is to be liDud willi PhiladcljiUia glazvd 

k to bo Milevteil by tlio uwner, aivl it to have (auin); or Iiali^w 

iotw mnrtito, 4" wide and }" thick, iritli 

« opniiliis, and liearth SO" by S^, of Ami 

t border, all uxecutiid in tlic best 

wkcd np with briek and murtar, and I 

" n llw fireplace. 

.1 ilie otlioi- lireplaces iu 1I10 buildios aro to be uf »eleci«d 

•ad brick willi bonlars o( moulded briok, aw per detail dravrings. 

d Iwanliir u[ 10" widili by lengtli as directed, of prea&od brluk laid 

witli borijor of lirick moulded wltb bnlf-roiinil on tlio edge, 

■ angles and set witb tlio lialf-round projecting above 

MBMtr, alt laid ia red mortar and nuatly puintud. All fireplaces 

• built in tlic bijat maiinur, with i" x S" cluutwy-bars, 8'' longer 

1 tlui oiifnirii;, to Biip[«irt lliuM shown with square ojtoningi, all 

LI b^fkLvl L(j., niid tlio joint Ixitwowii old and new work thoroughly 

1 ••111 ilio e9c.i{H) of sparks. Provide and sot neat aali- 

!( t-> oil (ir>i->Iory fireplaces, witliout dampers. 

II rao'^ to lie pi'ovidud by unothor contractor, in preased 

n ibu l)cu manner, (o show a IS-iucli piur on cocli side, and 

ap lltu (ocu-brick nutting to tho coiling, with 

I rubbed bluo-atODH, livo ooursvs high by thu 
» langtU iif tlio brea«l, to liold the brickwork above. Mukii 
h lo till' fiLiiiiu 30" wide by iha full lengili of run;;u luid {lier*, 

d brick l.tid flat in cement. 

II oxcavaiion and otliur work nccoMary and fiirniHli all ranto 
d Mt in llio belt manner in prinwcd brbk thu furnace to lie 
I by lUu cuntroator fur tho heating. &faka 

Ir cbiuuber under furnace not less than uiglituen 
■ ■Jeut't ah of hard brick in ulnar uuutmt, witU bottom of lite 
1 make colder boa ten foot long uailer cellar Qoar for 
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supplying the same, to be 18" deep by S' wide, with bottom and 

. _ sides of hard brick in clear cement, and all plastered 
Oold'AIr BoXa '■ 

with cement, and covered with S-inch flagstones with 

close axed joints. Connect the cold-air box complete and make 

tight all around it, and leave the whole in perfect working order. 

Provitle and set in laundry where directed a 35-gallon [^Steeger^s"] 
best heavy tinned copper wash-boiler with dished soapstone top, 
grate, ash-pit, and doors complete, and with steam- 
pipe connected properly into flue. All to bo set in 
pressed brick in the best manner, and to have hearth 20 inches wide 
by the length of the boiler, of pressed brick laid flat in cement. 

Lay two courses of rough brick in mortar on top of foundation 

walls behind sill all around tiie building, and fill up with four courses 

of the same between beams on top of sill. Lay four 

Brick Filling. . , i. ,, , , . , 

courses of the same on top of all drop{)ed girts and 

caps of partitions which carry beams in evory story between the 
beams and studs, and build a vertical 4-inch wall of the same from 
the plate all around to underside of roof-boarding. After the par- 
titions arc bridged lay one course of brick in mortar between studs 
on top of all the bridging throughout. Lay one course of brick in 
mortar on top of under floor in each story around all chimneys and 
between the furring studs of t!ie breasts, filling the whole space from 
brickwork of chimneys to outdide of studs. 

Level off the cellar floor, roll or settle thoroughly, and concrete 

the whole three inches thick in the best manner, the 
Qoncretins* , , . , . r , r*-i •> »r 

concrete to be made with one part fresh \_F. O, Norton 

Rosendale'] cement to two parts clean sharp sand, and three parts 

washed pebbles or broken stone, and the portion not covered by 

wooden floor to bo smoothed off neatly, and all left perfect at the 

completion of the building. 

The mason is to assist the other mechanics employed in the build- 
ing wherever his help is necessary, and is to do all 
ous. cutting and jobbing required without extra charge, 

and leave all perfect. 
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nd try all L-t^iliitgi. pnrtitiuiis, »nd 
>, nnil ia to notify tbu ci)r[Hmter of ull tlial Varlfylns 
ojuare, true, iilumb aud level, ami see lljut rurtint^ 
l.tbey ara corrocl«J twfore latUiag. and ibitl all are Tiriu luiJ si-uuro. 

DiLck-pliuter tliu nliolu or extcriur vroUi from eUI Io pUle betweeo 
I'tlie imh, OD lutlis noiloil liorizonlally |" njiari la Book* 
I oilier Uilu or vertical Etripii put on itm iii^idu of Plai««MnB. 
I Uiu Iwardiii;;. all trcW trowvLlod and lrou;;lil well out on llic studs, 
I EttU, Ull plaie, making all air-ti^lit. 

Lull nnd iiluatvr bnscnicat ccilia;* odd Itvavy coiil, ona-ooat 
I'wcll trowulkd and tmoolliud. Work. 

iMb and ))1asi<.T two cooti In lite bust niannt-T all utbur 8iii<l<l!iig>, 
lOttrddu uf atiiirf, partiticini, Turriiigs anil unilinga tlirougloiit lln 
■bniltlingi exoui't in ruoms marked " Utirinii-lied " on two-Oom 
I, tarryhi-j (lia plaskT Io llio llixir crwywLerc. WOMu 
o Ik lK!iit ncaMiiiL-d [linc, free from kntfta, Uiirk or iiain*) all 
mUa I" nparl. and liruaking joint evKry tixcciursui and uvurull duor 
■ ■■d window liiinili. Tliu firji coat ot plaati-r Io U; of j-*i,- 
I Ko. I Exira [Ooeblawl] liuic, and clean, iliarp xaiid, 
1 WlU nilxnd Willi n liolf liii>lii.-l of 1<cil long cattle or goal's liair to 
I ravb i*ric of liiiif, iliuMiii^hly workud and itai^kud at kiut ono iicck 
\ bfforo lining, in soniu aliclivrud place, but nut in lliu rullar of tlio 
^boino-. all ki liu wi-11 Iruviidled, DlniiglitviU'd villi a i!lraiglit-4id){0 
1 nuula pt^rFLX'tly Irui', ami brungliC wi'Il up to tbu j-round*. Tbe 
UmntioU-ufNo,! Extra [Adrfc/ami] lime, ilake<l at U'lut wven 
I difi tiefuro nting, ond wajiluTd [AoicA] laud, and well Iloatuil. 

RiU mmldt'd tvirnicn, not over 30" girt, with one enritlifd mutf 
; in Piirior, ami plain nioiildwl (.-orniaes, not ovir 21" girt, in 

I, Lilirnry, anil four t^liauibera In iwcond , 

f,*ti In llr*i-Mury Hull, cairj'lng two tucubcra 
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of lliu lull corn iuo up llie sollit of stairs to bccodJ tloty and around 
KuoiiJ-story ball : all W bv in acuordaouu with debul drawings. 

Form beams where shown, according to dvtail draw- 

Fiant plaaicr t'entres iu Parlor, Oiuing-room and Library, to be 3' 
ter in Parlor, and 2' G" in Dining-room and 
Library, all to be made in accordance with detail draw- 
ings, and two wax models to be made and approved before casting. 

Point up with linte and bair mortar around outNde door and win- 
dow frames ; clear away and remove all rubbisli from the premises 
after ibo second coat of plaster is on ; clean the mortar off tlic floors 
and sweep out llic bouse and leave all ready for the wood finish; 
patch u|i and rc[iair all the plastering at the completion of the build- 
ing, and k'avu iJI perfect. 
^^ ^ Wliilcwash cellar ccilin';, walls and piers two coats 

lu lue best manner. 



Sill, C" X C", halved and pinned at nngles. 
rhites, i- X 6". 
and iipposile partitions, 4" x 8", 



^Y]mhw nmh. 3- X r'. 

Doors1.i<l...l"x-l". 

.Ml ctlwr slu.ltliri'.', 2" x 4", 16" on centre* 

Paniiionoap", a" x -t". 

Sok's. 2" X by: 

Girders 8" x 10". 
SlecjHTf, C" X C", 8' apart. 
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Floor beami, >" x 10", IG" on centre*. 
Uea/lure, i" x 10", ami G" x 10", oceordlag to inmiog [ilu 
TrLnuier*, 4" x 10", ftnJ 6" k 10", according to (nuning plan 
BolwTk, 3" \ 6", or 2" x 8", m inafked on trtMtag j>Ibii 

D«ck raftnn, a" i 8", 30" on centres. 
Uipsml yaUey tAtixif, 3" x 9", □rS"k I3".Mmarkeil oi 
plat... 

Trbunivr anil howler rttflers doubled anfl ^jiiknl togctber. 

KldgCN fx IV". 

Piuu and |ii>rcti |^r>lcr«, 4" x 10". 

llaua and poreli floor 1>eiun«, 2" x 0", 20" on ccatrea. 

PluLxa and porch tiJu-ts, 3" X C", 30" on cciitrea. 

Uip. and valli'y.. 3" x 9". 

Piuxxa and porch jilatc. G" x 10". 

I^oin and jiorch posts, 8" x 6". 

Slucpcm in baiu'lQOiit to be of l<>ou>t. Piazza and porch [losta i 
be of best wtll-H.-n>oni:d dry wliilu pinu or white- ^t,^.^ 
wood. All olhcr framiug tiiulMr ui lie guoU sound 
■pruco, frvo fruiu Urijc kitoU, wani-y piucus, and ihakt^i. 

Tho tiouw is to hi! full frame, nil fmtuud, liraccd, and pinnud in 
thfl bent and >irungc9t manner, iwrfectl/ true ami plumb, and in 
■cconlance wilh ihn fruniins driiwin*^?. No wowl- 
work U In ho phtceil witliin nno inch of ttic oulntile of 
■ay i^iilmnrr, and mi nalU to bo driven into any chimnc-y. Thu 
UDiWriitii! of mU and cnilnof yirders ore to Iw paintiil two heavy 
cunii uf oil pdiut iHifuru atftthig in jilicc. Tbo Imiuiiicut bcuuis lo 
Im lixi'd upiin llii^ nh-qH'ra, wlilcli- nre to rent on Uio C'iiiituIc. Tlie 
hoaniK tif fir»l.*lnrj ilooi- li be notchcil down four Incl"-" on tlie rill 
■0(1 (uorlliud two IncliHi mum into it, bringing tliu l>oll«m of lliu 
beam* lluih with tlte bottom of thw lill, and to bo framrd with tcuun 
■nd tntk Into tho girdvn, flnub at lop oad bottom: nil lu b« well 
*|iikt>d to tija Kill, and thu tction« Beciirotl to •;irders wirh imk plnv 
B«ai)ii of locond and lliirit Mury Hoorii to bo Dolchml d'>wn liiur 
hiclHui on (he ;;irtK, and )-plki-d to glrl!> and Mudx, and ilxcd ono ini-h 
tm paKitlon capo, oplklng ili« bRama utrongly together wherever 
poatibte lo form a tlu acroH ttic building. Iltiadora to bu framed 



2S0 BUILDING SUPERINTENDENCE. 

into trimmers with double tenon and pinned, and all headers which 
carry more than three tail-beams to have ^" joint-bolts at each end 
in addition. Tail-beams to be framed into headers with tenon and 
tusk and pinned. All floors to be bridged once in every eight feet 

with a straight, continuous row of double herring- 

' * "** bone cross-bridging of 1" x4" pieces, cut in and nailed 

with two nails at each end of each piece. Beams under unsupported 

partitions which run parallel with them to be in pairs, set 7^" apart 

on centres. 

Piazza and porch floor to be framed with a 4" x 10" girder from 
each post or pier to the house, set so tliat the top of the girder is 1" 

below the top of the sill, and pitching away from the 

Porcf^F^oor, ^^^"s® ^"® i"^^ *" every five feet Each girder to be 
gained one inch into the whole depth of the sill, and 
to be secured to the sill with J" joint-bolt. Into these girders are to 
be framed the 2" x 6'' piazza beams, all flush on top. 

The finished posts of piazza and porch will stand upon the floor, 

with tenon 4" long into the ginler, and the plates are 

Por™R^*of. *^ ^^ framed into them and pinned. The rafters are 

to be notched upon the plate and spiked, and strongly 

secured to house. 

Form the cornice of porch and piazza as shown on detail draw- 
ings, all of pine, with planceer, facia, l>ed'inould, and 

Porch'comlce. o**^^^'^ ^^^ around as shown, with leaded joints, two- 

in(;h lead goose-necks and [/owr] three-inch [/*"] con- 
ductors where directed, properly supported and entered into the 
drain-pipes prepared to receive them. 

The main roof of the hous« is to be framed as shown on framing 

plans. Rafters to be notched on the plate and spiked. 
Main Roof. ' . . , . , . f 1 

Partitions to be carried up to support root wherever 

practicable, and all to be thoroughly tied and made perfectly secure 

and strong. 

Form the main cornice as shown in detail drawings, with 3" x 4" 

jTutter all around, facia, and planceer, rebated 14" belt 

Main Cornice. ° r n , i- i ». . .i i n 

at top of wall, and raking moulding in the an;:;Ie : all 

of pine. Gutter to have leaded joints and three-inch lead goose- 
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[»ir] four-inch lin en 
lurud unil jiropitrl}- entered 



iiIhcIom whurc dirccleil, nil 
ata draiD-pi|itis prvparvd for 



I 






Guble finiti) lo be ns «hovii on detail drnvrings, nil of plot!, with 
H" nb»i«<l piece nt top of w»ll, to show 8" wide, 1 J" 
pliJo plaiiceer put on underiidc uF projcuilng roof- 
board* willi j" furring belwn-n awl to show 10" wide, and corona 
mad c.vmatlum nioiildlng 3}" wide in nil, to cover ends of roof-lioiLnls 
mod edge of jilunceer, and 3" x 3" lud-inuuld in the angtc, 

Cover nil ilie roofi, including those of pondi nod piBKiB, with gooil 
brnilock buiu-ds. plani'd one side to nn even tliicknefs, and well nnilrd 
to tvery raflcr, two plits of pinc-tarreU felt paper, 
brtttkin? joint, nnUsliin^toHitli first qntitity I5"Btiwod 
cedar ihin^lvii, luid 4^" to the weather, uikI naileil with two gaivan- 
Ited nails to eooli shingle. Form dorniore, etc., as shown on draw- 
Id^ Furntuli wide oountcr-llABhinga of 4-lb. lend for the niawa lo 
bulM Inio Joints of cliiinn«j-a, ihingle In wide line flashings to luro 
n|i ugalnat tliu brickwork na high as the counier-IIasking will allow ; 
Uutn turn ilown tbu caunt4ir-lld«liing, drcs) cIumi, and cement per- 
fect]; tiglit agiunit ilie brickwork. Sliingle in wide Kinu fluthingi 
in trallE/s and ai-ound dormcrE, and put on wide rJno apron lo pro- 
luct juncttoD o( pittZEK nod porch rooCii &nd Louse wall, and wurmnt 
all tl^ht tor two ye%n from the completion of the buildin;;. Make 
til light under dormer *ilU and aroiinJ dormera. 

Hake »culi1e 3' x 3' in root wliero dircotiKl with rebated fraiDo i" 
high, anil cover hung wlili ■irong simp hingci, and 
to bacu irm bur fastonin'j and fixtures to keep it open 
■I anr deslroil nnglc, tVninti ami cover to be tinnml ani] nil war- 
niDtcil tight. 

Enclooe ilio walls with good hemlock boards planed one aide loan 
tfVa IhlckncKs, and two UiickDCMea of good feli-pn|i«r breaking 
Joint. ShInglK iha whole of iho wall* above bolt at 
weond-slnrj' floor level with firat quality 16", aawed 
enlar fbingle!', Inid C" to the weather anil nailed with two i^omnrno 
nalLi (a each ihinglc. Whem the HltioglcB coinn asoiost diwr or win- 
low cotiogs noil oiily nt the aide next the casing, with two aM$. 
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Under window sills and elsewhere where exposed the nails to be 

galvanized. Shingles in gables to be laid alternately long and short, 

without selecting for uniform width, the difference in length to be 

IJ". Cut shingles, of uniform width and to pattern 
Ciit8nlnglet> i • x u i • 11 1 

as per drawings, to be used in panels where shown 

on elevations. 

^. ^ _, All other portions of the wall to be covered with 
ClapboardSa 

sap-extra pine clapboanls, all laid to a perfectly even 
gauge of not over 4}", and all nailed to every stud with galvanized 
nails, set in for puttying. 

Put strips of zinc 3" wide around all window and 
door casings throughout, running under casings and 
clapboards or shingles. 

Form the belt at second-story floor level according to detail draw- 
ings by putting un furrings over each stud on top of the under board- 
inix and puttinjj a second boardin*; outside, brou'ilit 

Bolts* o I o o » 

to a feather edge at the top. The lowest of these 
boards to be planed on the edges and the shingles to be brouglit 
down over. Finish under the edge with a 2}" bead. Undor the 
mouldin;^ will be a belt \\" thick and to show 6", with the bottu:a 
cdjie rebated. 



•o 



Make also belt at level of window-sills where shown, of a 2 J" cove 
and fillet moulding, bevelled on top to correspond with the pitch of 
the window-sills, and put on over the shingles, which are to be gauged 
to correspond. Form the front edge of these window-sills so as to 
continue the moulding without anv break. 

Form the base as shown on detail drawings, on sides next to pi- 
azza and porch to be \\" thick, rebated on top, and t9 show 6" \\v^\ 

above piazza floor, with si^all bevel, stopping against 
half-posts of the balustrade, scril)ed against the wall. 
In other places the base will be formed by 1 J" feather-edged piece 
standing out from the wall, the clapboards to be brought down over 
t, and a 1}" bead to run underneath. All of good, seasone<l white 
pine. 
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Tliiiru will be corner-lKWirila only in firaL nary wliu 
»luli;l«S Uoing in nil coses bi'oiiglit out to tlio Mt-^hs 
■ AD Durnur-lioanl!, lioor anil winiluv 
|lt.U-k, Hiia i>r widLli-H M markud uq tlriiwiu;;-', nil at" 
ft^ooil, twowntil iiinu, natl lliu lop oJ^o ru1>ati!>l. 

TliO porcli will Bland oo IS" X la" briek I>ieri ro Uo built by tlin 



1 groim-l, 



Pinxxa t( 
I itirkeil Miii BPi, oxclmlvo of excnvatlon ami 
I iij- »ii« I'oriwiiUT. Floors to b6 frttmcl aa ilc«eiiU-i| ""'^""."^ 
labtivii, »nl t-o Iw covcrcil wlili J" rift bnid-pbu- 
Ibonril', nor. aiatcliiMl, IaIiI dowo joint and wdl n.iilod and tlie outer 
ndvd. Finish undi^r ud^e nf (luor niili n [il.'trcd Ixianl 10'' 
KwUe, ca>c ibcpo^U in front vrilh plaatil boards anl fill In IioI\Ts<>n 
\ tlieu. unit bulwwn jiicrs under porfli, with ji;'-*ivnru-d work of j'' 
fiaa IxKirds duwn to lliu grounil. Tinisliing nitli lio.ird, nnd with 
Umildinsi lirokon ^rvimd lu form punula. nil .is slmirn on drntvin;;». 
Coinpluiv llio poruli ami piiisxii ns pur iluinil druwinss, (lie I1.-1I- 
I BMnlq', braces tiirnod, carved ami ornamental work lo Iw nil of 
l|Bf^l< wnmnf d wliito jiIdo ; nnd ceil tbe uDdoriiide of ronf-i. and of 
[■U ]?ro]««t1on< of nrivh, b.ilc-ini>'«. ote., nltli f malcljcd mil bcndvd 
Riflirnca ■In.'oiliin^ not dvcf 4" widr, on furring strips 12" on L-i-nrro;, 
Ifdnad inm pancN by J " x i" bovellLvl scrips, plnnttHl on. C-i'C 
rr lliu pinie wiib j" pino vrilli )" heail un each eiigu, nnd rini^li tlic 
^jiiaotlun of p'lnzzA cvilln^ &nd mnin urnll wUli 3" cova moulding 
TmmIj- IIOlipLtl. 

All ouUidp fU>|)a cxdupi till) graniiQ luwur step at front 
\ to havD I" pint) riM-ra and H" rift Lard-jiine lrua<li with 
I aotiti^ ruturni'd at Uio ends : all to bo »iipporii'd u 
1 S" X 12" »[inice miloj* 12" on ccmre», llio 01 
f tu in {Tinned or caxoil, and tliii foot of tlic atrln j* lo Ue Dotcliiitl ninn 
^ Iho gruilto BiPp or upon n 4" % 4" pioco supiwrWil Ly two n-d eodar 
poftM 4" in ilie ground. Kiiclosa under omit villi vertienl {'' pina 
ttrlti^j't;^aw(Ml lusliawQ on drawin:^, wiili U-'vpUciI bniw. 

Slake bni-liend onlranm to cellnr, with plnnk sioj\» on plnnk 
I Mrinz*- all pinned, and cover of i" mnctlieil pin-? _ ,,,^ ^ 
I boonl*, baiivcuid, liuny nitli ln'svy itrap liingt'* buliud 



Qutiide •(•>•■ 
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on, ia strong plank frame, anti all made tight, aoil furnished with 

BtroD^ bar faatcning. 

All oilier out!iiIe finisli Is to be of good, tliorougbly seasoned wliite 

pine in strict accordance irith elevations and detail 

ri'nlah. "'"S"* "'"' "" '^*^'"1 wliero necessarj to make it 

weatber'tiglit. Project beams for bays, oriels, etc., 

Ml] do all Furrinir and oilier work for compjeling the nbole in the 

iKii ^ad Strongest manner. 

Tbe carpenter must call upon the painter to prime 
PHmlns- j^ii eslerior fioiBh l»efore putliag up or immediately 
afterwards, and is to replace all work warped or cracked.'^ 

Tlie Iliill, Laundry and Waler-Closet in basement will linve single 

floor of first quality |" rifl Iiard pine, square joint, not over 6" wide. 

All oilier floors ibrongliout llie building are to be 

Floorl^V double, ilie under floor to be of good hemlock boards, 

planed one side to an even tlilukncss, well nailed, and 

two plies of good felt paper to be laid betnrcen all upper and under 

lloora. Under llooring in Hall, Parlor and Batli-room (o lie not over 

3" wide ; in Kitchen, not over G" wide ; elacwhero to be any width, 

Tlie Kitchen, Back Vestibule, Store-room and Butler's Pantry on 
Grsi stury, anil Back Hall in Urst, second am] third stories lo have 
ii]iper Hoor of first quality rift hard pine, not over G" 
Fioor^ wide, matched and blind-nailed. The main Hall on 
first story to liavo upper floor of first quality se- 
lected quartered J" oak, 2^" wide, matched, laid in herring-bone pat- 
tern, as pur detail drawing, and hllnd-nailcd. The Parlor is to have 
upper floor of J" second quality white pine, not over 6" wide, matched, 
but not blind-naileil, with border of [d'/fs] parquetry, 20" wiile, 
in ]na|)le and cherry, of pattern No. Ijicenlii-iii'] all laid in the best 
manner and warranted not to shrinlc. The Bath-room in second 
story is to have upper floor oE alternate strips of maple and blavk 
w.iluut. uot over 4" wjile, matched and blind-nailed. 

All other rooms and closets throughout the building to have upper 
floor of }" second quality pine, matched but not blind-nailed, not 
over G" wide in first story and second story chambers; not over 9" 
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S3S 



nil liearths, rc^i^lcr^, nnil 



wiJc olaiiwliure, M»ke inilred bordera li 
■talrcue openings. 

All uailar floors W be thoroughly repaired and cluaneJ bi-fure 
vpper tloori nt-o laid. 

All banl-nrtKid 11uoi-in^ to be of tlio ver^ beit selected perfectly 

•MMOed «tock, Kod nil npptir Qaan to be kiln-dried, laid Itreskitis 

i jolttl lo ovary coursu, well ctrnincd itnd nailed to every benm with 

OS, aiijall nuutly sinooiliud ofl by band and si'rubl.eil 

1. out al iLo ootupletion ut tliu building. 

Put on _£rouniU for j" pinsturing in first story and |" elsewborc, 
I ftlttl pnl vn all a.nglc-boiidi>> Cruss-Eur all Lvllin^. iucludin'^ basement 
I eeUlfl;;, wlili 1" x 3" Birips, 1 2" an oonirus. Crait-fur 
^I*fter»lnflnUbcdattio rooms diasonilly, with strips *'?"""•"'' 
1>" on ceuirusi (ur out attic oucaidi walls with siutl- 
iGns to give i' rvrtloil lieigUt, &ud fur duwn ultia ueiltng lo 0' cli'tir 
heiglil. Svt tito grounds fur veniuul sboutbinj,' 4' lili^b in Laundry, 
Kitchen and Uath'TOom ; for panoUol iratnH'ot 3' Iiigli in llr«t and 
•oeoDil «tory riall and Vculibide, antl stairs from first to second story, 
and for bns<^> elinvrhcra ot Iidghts ds npecincd. 

Par chimney-breasts witli 2" x 4" Etnddin^ set flatways, to be 

•vcrywltera 1" clear awny from the brickwurk; and fur outside 

itone wsUs of Laundry in b>-vsument witii 8" x i" eCuds set flatwuys. 

> Fur (or boams, arcbet, q(c-< as re<iu1r«d. Alt furrings, grounds and 

I MtgL-bniuls lu bo perfectly strong, iriio and plumb. 

S«t all partitions wiib 2" x i" studs Ifl" on centres, try with a 

I •tnttjjlit^gf!, and siralgbten and brldgo before pUsWring. All pai^ 

tltloos cxi'ppi tlioiia tliat stand over each oilier to 

ptand on a :t" X A}" piocn, and all partitions lo liavo 



Partitions. 



' X i" eap. WbiTO a puriicii 
MUpper partition tuust stand oi 
It on tbo [luiir nor i>n the hvamt 
uo> wbldi fxiitiiii iliroiigh mora 
vi strongly irin* at! purlitioni 
I tlw Kuiglit iiS tliu middle oE thu 



lotbnr, the? sluds ot 

liie oap of the purtiliuu below — 

Truxs over all openings in parli> 

than onu story, or carry lieaius; 

not lupportuil from below, to take 



IlrUj[« all pirtltluns In first and second stories with 
lin rows of angular brld^jlng of 2" x A" pieces cut in 
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and nailed with two nails at each end of each piece* Reverse tke 
direction of the bridgin*; pieces in each row. Line the pockets for 
sliding doors with planed boards. 

Fill in with saw-dust or planing-mill chips between 
Fmingl^ beams around all water supply pipes which run in the 
floors, making all tight. 

INTERIOR FINISH. 

All the stock for interior finish of every kind is to be of the very 
best ({uality, thoroughly seasoned and of selected grain, and well 
smoothed, sand-papered and kiln-dried before putting 
up. Ash to be best Indiana calico figure, and white- 
wood to be free from white sap. The Laundry, Kitchen, and Back 
Halls throughout, including back stairs, are to be finished in hard 
pine, excepting doors, which are to be of whitewood; the Front Hall 
and Vestibule in first story to be finished in quartered oak, except 
stairs to second story, which are to be cherry. The Parlor is to be 
finished in maple and the Dining-room in ash. Tl»c Bath-room in 
second story is to be finished in black walnut and maple. All other 
rooms and closets in first and second stories to be finished in white- 
wood. The hall and large front room in attic are to be finished in 
white pine -for varnishing. All other rooms and closets in attic are 
to be finished in pine to paint. 

I^Iake panelled partitions under front stairs as per 
Partmons- ^^^*^*^^^ drawings, the framing to be 1 J" thick, moulded, 
with raised panel J" thick, all bead and fiushon back, 
all of quartered oak. 

Front Hall and Vestibule in first story, stairs from first to second 

story, and second-story hall, to have panelled wainscot 3' high, ao- 

cordinix to detail drawinjrs, with framing i" thick. 
Wainscot. . o » ? 

moulded, and raised panels }'' thick, and moulded cap, 
but no base. To be of quartered oak in first-story Hall, cherry un 
stairs, and whitewoo<l in second storv. 

The Laundrv in basement and Kitchen in first storv are to be 

sheathed 4' high with J" matched and beaded vertical strips of hard 

pine, not over 4" wide, without base, but with neat 

bevelled cap. The Bath-rof. :n in second story is to 

haTO I" matched and beaded vertical sheathing, 4' high, of altenuite 
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l>Bti-I|W of black WAtnnt itnil maple, t" «Iil«, with neat bevdieil rnp 
pot black walnut niiil |" bevelluil blavk-walnui base, 4" lii^b. I'lvugb 
I the *>}|i!i>lliing into cnp of lisih-iub. 

Tlie Fftrbr and Duting-room itrv lo Iiitve moulded bane, J" x 10", 
r secordiiig to duCail Urawingt, to )ic of mii|>1e in Parlor, and auli in 
I Diulflg-riMtB. AH M'Cimil-Blorj' injuid" fucniil Biitli- ■_^. 

1 to liavc J" X 10" Iwvcllcil hn.oi nf whilcnonil. 
j A]l otlior riKiins anil clomU ta lini-u {" x 8" plain Iwiird bate, of 
r ban] pioo in hack halls ond biurk siairs tliroughoui ; whiiewood in 
i'Tcnminlug parts oE bstviuvnt, fir^t and aecund Rlories; jime to var- 
I Bllh to Bttif.- knil and luf^ front ruuui, and pine ta paint In other 
(?)!«oAia and olut^t* In atili;. 

Flrxigh all bftHM tojcllii-r at Ibc angtcii anri put tliem on before 
I tbo nppw floor is laid, and allow ^" i-.ttra bolow top of floor. 

All dour* and windoWB in rirat-Btory Hall and VeBiibnte. Parlor and 
I OiBlng-roomi and ball and nil tlianibrrs In ievi)nd«(brr, loliaro l^"s 

" architraves, moulded ax pur detail ilrswlnga. T 
I b« of iiuarlsrod oak in Hall, maple In Parlor, a«h ii 
r DinlnjtTuoni, and wbltewuod In Mcnnd-slory ball and clianrl«.T». All 
I otltcr dDOM and windowa ti> Imru j" x 4'' plain Mjiiarc board Br(Jil< 
I travcD, uf Uat-k walnut in Bath-room, and ulwwiterc oE wirad (u conr- 
with fiii>.h uf room. 
Tilt- nvhitravcK of douri and windown in Parlor, Hall and Dinin);> 
s will bnTB corner bloeko witli carved i 



*rCtiltni*a«< 



Idt^l liiKir-arcliltravo* ihrougboirt will have ""o"* 
l^n ptlnth-bloeki. Art^hUraTe* In Parlor, llr'l-itory Hall, Wt 
~iul*^ Kiurlirn, Lanniiryand liack balU to l« enrrietl to llnor; el» 
wbera to Ui cut ^" ahort, ta allow for i^arpot. 

All .(TOU-ttf.! to hi! i" thii-k, with round c.IgM, of woi-.i lo cort 
qHMid Willi ilrii rnilih of the H!T«ral rrHuin; and 
ronmi wilh mouldi^d Aniih to havo Wiildlni; and be 
ncmriliDji tci detail drawing*! clwtrliin^ to bai« bovcllril Imard 4" 
I »ida tntdar. 

Broi] all arvbitrav D«, baiRii and other moidiled work In the ({(itrkt 
[ •! ibis aiua1din2>i i^nd wtlo all finiib-noila for patt]rhig. Xo (plic- 
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log of any architrave will be allowed, aod joints of bases most be 
carefully matched. 

Front and kitchen outside doors to be made of pine according to 
detail drawingfi, the front door to be 2^" thick, moulded both sides, 

with panels raised and carved outside only as shown ; 

the kitchen door to be 2" thick, moulded both sides, 
with plain panels raised one side only. 

All doors in first-story Ilall, Parlor and Dining-room, including 

each leaf of double doors, to be 1}" thick, 8' high, 8-panelled according 

. . ^ to detail drawings, with flush mouldings and raised pan- 

Inside Doora. , , , ., ®.„ , , f, , . 

els both sides. All to have thoroughly seasoned pine 

cores, veneered with quartered oak in Hall and Vestibule, maple in 
Parlor and ash in Dining-room. Doors opening between rooms fiu- 
iiilied in hard wood are to be veneered to correspond with tlie rooms ; 
but doors opening from rooms finished in hard wood into closets or 
inferior rooms are to be veneered both sides with the hard wood. 
Doors from Hall to Vestibule to be similar to other doors in Hall 
except tliat the four upper panels are to be filled with stained glass in 
lead work, to bo selected by the owner, but paid for and set by the 
carpenter, and to cost $2.00 per square foot, exclusive of setting. 
All other inside doors throughout the house to be IJ" thick, of solid 
whitowoc»(l. To bo 7' 6" high throughout second story, 7' high in 
Attic, Kitchen and Basement. Second-story doors to bo 5-panelled 
according to detail drawings, with flush mouhlings and raised bev- 
elled panels both sides. Attic, Kitchen and Basement doors, except 
sash-doors, to be 4-panelled square with raised panels both sides. 

_ ^ The door from Laundry to Basement hall-way will 

Sash doorsa , 

have sash in upper part, in 6 lights, glazed with best 

^" ribbed plate glass ; the glass and glazing to be furnished by the 

carpenter. 

All doors to have Ij'' rebated and beaded frames of woo<l to 
correspond with the finish of flic room, and all to have -I" lianl- 
pine thresholds. Veneer frames where necessary to show differ- 
ent wootl on each side. Sliding doors between Par- 
lor and Hall to have astragal and hollow on the 
meeting-styles. Double front outside doors to meet with the ordi* 
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r Biry bevel, but to hnve half of a uirood rolonaeile plantcil on one 

leu! to prolMt tbu joinL Vwtilmk 'loan AQil lUmblo iloors between 

UinlosTuum &nd Ilall to moel wilh onliniiry bevel, nod mouMing 

Iter Joint. 

Tbe uriwutor Lt to rurniaU all win'lu' friimca and saaliea, anil U 

y U> deliver ilie «ashe« nad giub doom, excKptin^ tbose vtliicli bu ia 

mK to turninh reaily HlaMxI, to Ibe tontraeior (or ,„ ^ 

• , winaewM> 

paioting AQd gluiag, and bring tlieni back to the 
I butlilitig whoB completeil ; and is also to deliver all ti'amca tor collar 
iluwa aud doors when required bv the mnson for building Inlo 
the walli. 

AH wbdowR In Dasemml except in Laundry are lo Lave 1 J" rc- 
I baled plno (mniei and SJ" sill», nnd tj" pine iailius bini;»d at the 
I lop. witli galvanltcil hooki and ataplci to keep them 
Bpvo, and sirooi; Japanned Iron buttim fastenings; ^^i h" 

1 to have bcavjr galvanliud wire nettln-; witli |" 
nwA oailed iMurely on outdde of frame. Make frame only for 
mU-fllr bos opening*, covered with galvaniitwl netting in the lamo 



Tha tunall nlodowf la Laundry Closet in Basement and Id Coal- 
eloMt, Pantry, and Cbina-vloaat in Urijt ttorv. arc _, ^ _ 
ri'bateil plauk iraines anil 1} piue vaelies, 
I •cre««d \a tight. 

All (jtlier ttlmlowi tlironghout the bnlldinv are to have boxed 
tmao* wllli pocketR, 7" ftilh pUetiin:: l}", and plonglied for shingles 
■r clapboard* as m|iiiri>il, all of pine except beoils 
nod pulley-styles, whieh are to be ut Iwrd pinej and "**""'• •*""■ 
I^" clear pine sashes in lights an uLiown, willi minildi'd 
a■•l^4lara and cuiinter^bet^ked inoelin^ rail*, all to be double liung 
«llli brat stiHil^axle capped broM-faeed pnlli'yii, am) beat ihoc-lhrcad 
(aidi4tn« and bsnt Iroii wel^^bts, and widl Imlanced. 

In*i4l« beads to be of hard pine tliroiii;hoiit, and all put on with 
round>Iivailed bliind (eraws. Fnimi!* In rooms linUhed wiili liarj 
wnnl tn have a strip of eorroi ponding wowl vvncored on the Inner 
•ds* o( Iho frame. 

Uaku and pel np dmiff in Kitdion ai per ilrawln;;ii, all of bard 
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pine. To be 5' wide and 8' liigb, iiic-luding neat cornice, widi V 
uugiboards undiir witb »iielf in eacli. and four >lieh 
above, enclosed by )'' eauh, doors to elide pa»t ea 
other on metal tracka, with sbenvca complete; all to be furni^ii 
read}' glazed witb first quality alieet-glass by the carpenter and liti 
up in perfect order. 

Fit up the Cliina-closet aj sbown on drawings or as directed 
tbe owner, witb stand for sink and cupboard under, and fo 
drawers each side ; larue cupboard witb two ahelvt 
ms glass sbclvcB 6' wide on one stde, witb op 
fronts, but to liave brackets and neat fancy turned standards ; a: 
Sve shelves on the other side, 14" wide and enclosed with j" sa 
doors in frunt to slide past eat-h oilier on metal tracks, all to be fi 
nislicd glazed with first (jiialily glass and fitted up with sheai 
coiuj>lete liy thi! car]>enter. All the work in China-closet to be 
whitewood. Fit up ^lide in partition with porcelain pull to n 

Fit up Pantry with three bairel-cupboardi", wi 

neat panelled doors and lifting covers, one case of tlir 

drawers, anil four shelves running all around. All of whitewood. 

Fit up C»at-c; Insist in whitewood, with one case of four drawers, 

» J.. '''"»' '■'"*'' w'l'' eight cuiiipartuii-nts, each 8" squat 

Coat-CIOMt. , , . , 

nnd two ruws <if liuoks. 

Afakc siancl fur waali-liowt in Bath-room, with cupboard und( 
and panelled iluur, ami fiiiir drawers ciirh side, all of black walsi 
_ .. ~ Cast? the bath-tub with black walnut in one Ion'' pan 

on each exposed side with cap of the same. Clij^: tl 
cl?'tcrn in the same way, finiiihing the nn^^los with a neat ijuartt 
round. Fit up water-closet wilhscat, 3" bcv-elled wa11-Klri|is and Hi 
only, strongly supported, both scat and IUi]i lo be hung with uii'ki 
plaied br:i:^s hin!;es ainl screws : all to b<! cif black walnut. Putblat 
walnut strip and hor.ks on one side of the routn ojily. 

l)a^ement wiiter-clo»et to be filled with whitcwnt 

BnMment . ^ miuiner above specilied for the one 

bath-rouni, and cistern to l>e cased wiih whitewut 

panellinif. I'ut whitewood lining all around above sua'., lo'' high. 






Tank. 
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Mftl» sUnils fur oUicr wusli-bovrU sliovn oa plans 
M Muve ([wcilieu for uie one m btitb-ruum, but all dowIsi 
lo be of wUltcvooU iiiRteuiI »f black wabul. 

Fit up ftll vIoBi-is out spuolatl)' deBiTihoil above a« marked on \i\aM 
or aa directed hy tlie owner. All iiluscU in second 
stor; noro llian 18" d^ep, aail two t'losois in attic, 
■re (o liftvc, Bnlc«8 olbvrwise inJivalnJ, a myeu of lljrve drawers. 
wiUi tkrca slidres over, anil two rows of liiioks. Tliu n'mniuing 
. ctotels loliave ino rows of hooks, and one ilielf above. All drawers 
o lai« neat panulbd or moulded fronta, and to run on liard-wuoU 
I w at re ■trips- 
Make tank in attb wLero directed, 4' loD^, 2' wide, uod 4' Jevp 
Rniiile, of I]" pUncd pino plunk, willi splined pints, 
Vtu be liaed iiy llie pluuiber. Maktt cover to ilic some 
■of raatdwd und be^oil piuu sUvatliing, battcovd on tlie under Mdo. 
Ewilb ruundi'd vd^^e, and linip and padlock fustening. 

i nrong frame tti itipport eonpaione sink in Kliclicn and 
■ tnult-trn}'* In liaundry, irilk 3]" orniuncnlul turned Ii'gs, and put 

I druioJDg-Bliulf over »ink, and neat covers to 
l-WUh-tnyR, all u[ wLlWwiiod. Put beaded strips of "mc. " ' 
rvkhifwood »n huIIh ami ccilingM of Eiu:liun and Laundry, and block 
I Mralnut in Bntli-mom, tor pipex Id run un, and case over siicli pipes 
I M nuy be dlrocicil tritli neat ciwings of wood suited to iliu rooms, 
lenweil on vritU brou Be re we. 

Pporido and lihjij firnt ipiallly I J" ant*iiie blinds to all wlnjowj, 
rdlvldeil and hingnd vrlih corn to aa lo fold bock neailj- and witbout 
viMorfcHns. All lo hare rolling nials in tlia lower 

inly. Dividwl blioda, an.i those of fixed win- "'•" 

lo b« hung wltb wrougiit-iruu L-hingei : oil otln'w to Iw IlUcd 
«t0 with patent Au'uniatic blind-awning fixiiirts, and all to 

turn's patent ring fast*, except Lliuse fur (ixvi window*, 

lo liuve .Shotld's patent wire taut, to thai iliey can be 
d [ram tbe outiide. 

Furnlith moMpilto j;unrd» lo all outnido dour* and wtnilowH. Tlioic 
~ IT tbt window* to >lhk ouitide tin tasbcs on beads put up fur ibe 
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purpose. Tliosc for the doors to bo hun§ on the 
^J2JJ, ^ outside, with springs to keep them closeil, and brass 

hook and staple fastening. All to be niado in the 
best manner with frames of clear seasoned pine, }" thick, covered 
with suitable wire netting, and all to be stained, varni.shed, fittecl, 
and marked complete by the carpenter, and neatly stored in a 
convenient ])lace in the attic. 

Furnish outside sashes to all exterior windows, to be of clear sea* 

soned j)ine, 1^" thick, glazed with first quality double-thick glass, in 

lights to corres]K>nd with inner sash, packed with listing around the 

edges, and arranged to be securetl by round-headed 

Windowsi ^^'I'C^v^ from the inside to small ])ernianent brass 
plates set in flush with the outside of the casini^ and 
lirinly screwed to it. Six plates and screws are to be provided for 
each window, and for convenience in fixing projectin;j: screws are to 
be set in the outside sasli, by which it can be hung from the edge of 
the upper plates while the other screws are adjusted. All to be 
made in the best manner, glazed, painted three coats, fitted and 
markiMl complete by the carpenter, and safely stored in a convenient 
place in basement. 

Till" car]K'nt»T is to set all mantels in the be>t manner, and case 
over for i)rolection until the house is delivered, 
Mantels, removing the casing only for painters* work, and 
replacing afterwards. 

The carpenter is to make mantels to all fireplaces, and also shelves 

with lirackets in chambers which have no fireplaces, 

in the best manner, in strict .accordance with detail 

drawings and the directions accompanying them. To be of first 

quality thoroniihly seas«»ne<l sidck to match the finish of the rooms, 

and all well bolted and dowelled toircther. 



8tep*Ladder. . 



^fake strong step-ladder of planed spruce to scuttle 
in roof : to be movable. 

Fit up shelf along one si«lo of Laundry and Kitchen, 4^ feet above 

floor, strongly siqiporte«l, and put one row of hooks on beaded strip 

^^ . under the same. Put up also neat roller for towel in 

Shelves. ,,. , , » i • . , 

Ivitcheu, and hook strq) over sink, and put 20 feet run 
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of sbelving in (urnace-cellnr in tLe mual sulLable place, and tliree 
■belvea for batturics and ga»-incter nlierc ilirccttd hy iLe clecli-iviao, 
beU-tian'^r, antl gnS'fitlvi', nod swing slielf wLtirc ilirucCed. 

Idako in n luitabie place n strong doiililc box of 1 j" nnlclieil and 
bcadtHi pinv, to cootaia oeU and garbage barrels, wicli 

in front, willi good lock and I' 

bitrrult, nod IHling cuvur on top, liung witli lirasa buils, and witU 

bi'a** lioolc and staple fasunin^. 

Tut bato-knoba witli iasvrtod rubber lo all doors, of 
wood to matcb tiniiL uf room. 

Fit up Ktrong (lup-ublu in Kiti:1ica and oi 
dry, of pine. 

Mnko two cood coal-bini in cellar as direeted, lo _ , _, 
. 1 , . . . Conl-»tn«, 

Luld ton torn cacti. 

Duild temporary privy for tlie workmen, lo bo cleared 
I nwaj- and the place cleaned out, lille<l np, and graded p|h^['? 

over at tlto complctjoa of llic liouee. 

Cut tba doora for re^Utor* and betirtba aj ma/ be rc<|iiiaitp, and 
fit border* neatly around, nnrj cut as required for 
plaubcir*, ga>-f!tlor«, and other workmen, repairing nMuaT* 
neatly aftcrwanli, Asfitt other workmen employed 
in tlin building, furaisb centre*, puttcnu for bays, linteti, and rough 
fiuringaamuuli a» may be nevdvd. 






Plan Tabiaa, 



HARDWARE. 

Tim dldin^loom between Parlor ao'l Hull arc to be hung in tli« 
baM BMUWr with PrviiPotl'* palonl bnlaneo linngi^rs 
eomplvt*); to h<^va RoiwII & Erwin'i aolid bronio ■JfJJlir.u;^' 
■onk handle*, pattern ?fo. 333, dark nnlRli, and bronxo 
aatrajal-focn ulldingaloor Incki and pulls of tiic lama make, pat 
' UraNn. S83. 
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The front outside double doors arc to l>e liung witli 6" x 6" Rut- 
. sell & Erwia's fancy solid bronze dark finish acorn 

Butts* "^ 

loosc-pin butts of pattern No. 15, throe to each leaf, 
with steel bushings and steel washers. 

All other doors in first-story Hall, Vestibule, Pairlar and Dining- 
room are to be hung with 6" x 5" bronze acorn steel-washer 
japanned loose-joint butts, three to each door or leaf of double 
doors« 

All other doors throughout the buihling are to be hung with 4" x 
4" japanned loose-joint acorn butts with steel wa^^^lisrs, two butts to 
each door. 

The front door is to have Enoch Robinson's patent front-door 
mortise lever-lock, with brass or bror.Te face and 
striking-plate and niglit-latch, with one key to the 
large lock and four to the night-latch. 

All other doors throughout the buihling to have Russell & Er%7in*?, 
Corbin's, or Nashua Lock Co.'s 5-inch mortise-locks, with brass face 
and striking-plate, brass bolts, and Grcriuan-silver or ])lated keys ; no 
two kcvs in the house to be alike. The outside kitchen door is to 
have in addiiiou a Yale rim night-latch, with two keys. 

The front outside door is to have Russell & Erwin's fancy solid 

bronze dark finish 2J-inch knobs, pattern No. 923, on both sides of 

one leaf onlv. Doors in basement, kitchen and attic to 
Knobs* 

have 2^inch best lava knobs with bronze roses and 
escutcheons. All other doors throughout the building to have Rus- 
sell & Erwin's •2i-inc'h fancy solid bronze dark-finish knobs, pattern 
No. 933. Double doors to have knobs on one leaf only. 

»..«.. ^ ^'<5 carpenter is to furni>h bell-pulls to front and 

Bell*Pulla« , . ' 

kiidiLMi outside doors, to correspond with the door- 
knobs. 

The outsiih^ front and vestibule doors, and double doors between 

first-story Hall and Dininir-rooni, arc to liave bronze-metal flush-bolt 

^ . at top and bottom of the leaf which has no lock, and 

Bolts* 

front outside an». vestibule d( .'s will have in addition 

a strong solid bronze chain bolt. The kitclu. outside door, door at 

head of basement stairs, door of basement water-closet, and doors 



»£ bnUi-ruum aoil oil di«nb«r« io «cooiiil story, lu Iiav0 Ives's paieot 
BwrUttt4xfl» with brume rusee and bruniQ kei'9. 

All cupboaril ilours to be liiiag wilii bra«« buUift&d 
to Imvc brueji Blip-latclivs. 

Drftwurs u{ wash-bowl stanili to have lianilsome _^ 
br»o ilrop-lnLudlcB. All otbur drawers to Wve [lUin 
Ju|)anii<jO intn pulli. 

All ilouUe-liiiag winJows to liave MorrU'* jintciit Belf-locking 
Utli-fi>tii, to l>o of soliil bronze in fii'st-siory Hall, -_^^.- ^^ 
Tealibiik-, Parlor, ntiil Din'in^-i'ooDi ; bronzed iroD with 
plttlml drop! cInuwkcTu, and iwo puIU on luwer suli Io corruvpood. 

Put hcATV triple books of jnpanncd cast-iron in cloneti and otlivr 
places sporiricd: to be in two rows unless otherwise expremly 
directed, and to bo 8" apart in eocb row; tboae in u ^ 
tlio upjKir row to be set over tb« inidJIe of ibe tjiai^oa 
between tbose in the lower row. 



1 



All brttss banlwure 
pUteil >crvw9, bronzu u 
■ad ]:ii>aiined with blui 



J bu jmtoo with brass a 
bronxed with bronze sci 



, plated ' 



, rrdntttaln 



{nu U vfTf et 

The front tlalrs from Srat to second story ars U 
mouldral nu!iin<;> ruturniid at tliu undg and cai.icd around well-n 
)~iacli risen and tritads, housud into il 
UiB wkII *Id(', th« truads ploughed into the riiier*, and 
rUitn ploiiglitHi lnl« undorsldo of Irvads; I j-iuuh lancy turned balus. 
tnr*, IWO to a trcail and around wdl-roonu En the «aine proporlluo, 
all ilMvtRilud at the («ot and Ivnnnoil Into iinderaidu of rail ; !J" x 
•I" doublo nuiiildud hiuid'rail; -t" x 4" oulld tirmed, oliiiinfcrt'd and 
lliil«d pcMta nt ongh-n, with haIf-|ioat at upper ttvutinatlon of rail, 
■lul y X i" Cluted ood carved boxed post at foott all to bo itrictl/ 
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in accordance with detail drawings. Tlie pouts and rail are to be of 
best Spanish mahogany, all the rest to be of cherry. Outside string 
on stairs, and face-board around well-room, to have moolding to 
cover joint with plaster. 

The back stairs from first story to attic are to have open string, 
rounded nosings returned at the ends and carried around well-rooms ; 

}-inch risers and treads, the treads ploughed into 
risers, and risers ploughed into underside of treads, 
and both treads and risers to be ploughed for the base on the wall 
side; 1 j-inch plain round balusters, two to a tread and aruund well- 
rooms in the same proportion, and mortised at top and bottom ; 2" 
X 2|" plain moulded hand-rail, and S}" x S}" solid turned and cham- 
fered post at each angle and at foot, with half post at upper end of 
rail : all to be according to detail drawings, of hard pine through- 
out. 

The stiiirs to cellar are to go down under the front stairs; to 

have J-inch risers and treads with rounded nosings, ploughed for 

^ .. _ . base; Ij-incli i)lain round balusters, two to a tread. 
Cellar Stairs. , . , . , , , .\ r -i , «»/ 

and mortised into treads and underside of rail, and 2 

X 2 J" i)lain round hand-rail : all to be of hard pine. 

All stairs are to bq framed and supported in the best and strong- 
est manner, on 2" x 12" spruce strings 12" on centres: all to be thor- 
on^lilv wed'ed, blocked and trliied in the best manner, and left clean 
and i)crfoct. The stair-builder is to put on all the face-boards and 
nosings around well-rooms, and is to furnish and put on plain square 
hard-pine base on wall side of back stairs and cellar stairs, ploughed 
into treads and risers, an<l is to do all the work of housing the front 
stairs into the wainscot. 



BELLS. 



[This is often included in the carpenter s contract. If it is separated the 
General Conditions should precede the Specification. JJ electric gas- 
liuhtinif IS introduced (sec specification below) the bells may be included 
in the contract with it.] 

Put in electric bells as follows, with annunciator in kitchen, bat- 
tery, insulated copper wires, push-buttons to match finish of rooms, 
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■nd bclla of five iliffuront tones, all put up ia tlie best 
'warranietl for tlireo years : 

II tiam front door to ring in KitcUen and in Attic lialL 

Bell from Kiiulien Diiiside door to riog In Kitchen. 

Foul-buU (rum Diuiog-room to ring in Ettt;heii. 

Bell from Parlor to ring in Kitcbeu. 

Bell from scconil-elory Ilall to riug in Kitchen. 

Boll from second-story Hall to ring in Attic ITitll. 

Tbo pulls for iliti OQlsido front und Kiiclien doors only trill be fur> 
sillied by tlic carpenter. 

All wires to bu ruit behind the plastering. 



ELECTRIC GAS-LIGHTING. 



Wira All the gAs outloli in tho building with the best In«ulaletl 
eopprrwire, all concealed behind tha plastering. The drop-llglit 
In Urst-ltory Hall (5 to bo wired for uulomalic burner, to light from 
wall of Uall noar door to Vcitibulc, unil also from east wall of 
cbamber over Dining-room, Jnst ondcr tiie bracket outlet. Tho 
brAclcot at foot of cellar staira is to bo wired for automatic burner, 
to light from wall at head of sliurs. All other outloti are to be 
wired fur pull-bumer«. 

When directed, after the Bxtiiros are in place, put Aulomatio 
buTRcm 00 first-story Ilnll lantern and on bracket at fool of cellar 
■tolrv, with biittons oi abovo upccilicd ; and piil four piill-biirnvri on 
Dining-room chandelier, eix on Parlor cliandulicr, four on brackets 
In Parlor, three in «ach of Uircu princi[ial chambers in second story, 
of wbltdi two will he ou the mirror tight, «nd one on bracket m 
, dlt«c(cd i one 00 sccond-Biory Hall tiraeltel, and one on bracket In 
Botlt-roem. All to bo of the best pallurn, perfectly tiglil against 
wy Mcapw of gas; all ftitod up in the b«sl manner, with battery 
oonpitte, and to be kept in good order free of expense for two 
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PAINTING AND GLAZING. 

[1/ thts is made a $eparate contract the General Conditiom should pre 

cede the Specification.} 



Outsld«i 



Stain* 



Paint. 



Oil hard-pine piazza and porch floors and treads of 
steps two coats. 

Stain sheathing under piazza and porch roofs with 
one coat of light oil of creosote. 

Paint all roofs one coat of pare Venetian red in 
oil| finishing with a second coat of pare Indian red. 



Paint all other outside wood and metal work two coats, of three 
tints as directed : the first story to be one shade, the second story 
another, and the doors and trimmings a third. Paint also the 
mouldings on belts, etc., where directed, in Venetian red. 

Paint the blinds three coats of color as directed. 

Paint sashes three coats of color as directed. 

All hard-wood floors and borders, including hard- 
Inside. j^Ij^^ floors in Kitchen and Basement, are to have one 
light coat of oil, and to he finished with hard wax or 
Butcher's Boston Polish, put on in the best manner 
and well rubbed. Other hard-pine wood-work, and all ash and 
whitewood finish, to be filled with oil filler, and to have two coats ot^ 
Pellucidite, rubbed down with emery cloth and oil. The mapli 
finish in Parlor is to be filled with oil filler and to have three coats 
of white shellac, rubbed down with emery cloth and oil. The 
cherry stairs arc to bo stained in the best manner to imitate 
maho;iany, filled with oil filler and finished with two coats of 
Pellucidite, rubbed down with emery cloth and oil. The mahogany 
posts and rails are to be filled and varnished with two coats of best 
copal varnish. Oak wood-work in Ilall is to be oiled one light coat, 
and finished with Butcher's Boston Polish, or hard wax, well 
rubbed. The pine in Attic hall and large room is to be oiled one 
coat and varnished with two coats of copal varnish. Other wood- 
work in attic is to be painted three coats of pure zinc white and 
oil, to finish with a plain oil surface, not flatted. 
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Inri>)e of lailiM lo be alined cherry color and ^ ^ 
*aniisbe<l. 

VarnUll all expo)«il lead and brass pipea and bands 
with one coat of irbitc shi.'llai:. 

AU nalcrials are tn bo of Ibe very bt^st quality. Pure linseed oil 
only b Ui bo uiud. Tbe body for innble irnrk U to bo pure xiao 
^wbitc, ubj for outside work to be llic l>cst French ochre. Xo lead 
o be uwd fur outfido work unless expressly direeted, amrin-tliat 
10 lo be pure [Jriern'r], [tTiiio't] or [^SalemJ white lead. 
rutI]--«lop iboroiigtily anrl smoolhly all work inside 
il oatildftnficr tlie first coat anil before ihe last 
, coloring the putty to match the nood afi«r darkening. Cae 
^ax iultably colorud inatuacl c)f orilinary putiy, 
wlierevcr wax (ininh or Biitclier'a jwlisli is BpeeifieU. 

Cover all knot«, «ap ancl plt^^hy places with strong »l>i'llae, and 
UU knot* or pitch vtlik limn where nee^jsary. Sand-paper all 
|]ln>lila work, rubliing with tlio grain, and clear out all 
louldinga Ix'toro tlie first coat, and sand-paper after 

it of pai^^ •Iidlai;, rellucidite or varnish except the Uit 



GLAZING. 

[Tfili UnlnfU iiwarlahlf/ included fn the eonlraet /or palntlns.^ 

Q\ku nil !n«iilc -vnd oiiisidu naihos, except those Kjiecilicd to bt 

'oitlwd ready glated by the carpenter, in lights as shown on 

■rawing* or a* directed, with first*[uality douhtenhick French or 

{ernan glass ; nil well bedded, [mitted. back-puttied, and tacked, 

Hill all repaired at the completion of the building, thoroughly 

sanod and left whole and perfect. 

PLUMBER. 
y thti It naili a trparalt rnnfrncf. at it vnially ttinuld b; tht/uU tlU§ 

nt lAa Ornenif Conditlma mt«( precoit IAf SiKi-'JIratlnn.] 
Thera will bv rwuraa. 

ft Bmtmtnli Set of four whln: eanhenwaru Wath-Trnyi. 
Cold Supply to Wftih-Hollcr. 



v> * 
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One [IhUyer*a short Artisan Hopper], with seat attachmei 
and preliminary flush. 

Sill^ock. 

Furnace Supply. 
In First Start/: One Soapstone Kitchen Sink with dnuDing shelve 
and wall-plates. 

One 50-gallon Bath-Boiler. 

One Pantry Sink. 
In Second Ston/: One Bath. 

I'lireo Wasli-Basins. 

One [//. C. Meyer §• Co.'«] Brighton Water-Closet. 
In Third Story: Tank. 

All iron pi[)C8, including both waste and air pipes, to be of tli 
best (|u:ility, {^MotCs"] or \_Brady^s] make, with all proper fittings 
the horizontal portion of the main soil-pipe in bas( 
nient to ho double-thick; all other iron pipes to t 
fiin'^le-thick ; and all to be thoroughly coated inside and outside in tl] 
best manner with asphaltum before putting up, and the outside 1 
have a se('r)n(l coat afterwards : all to be put up in the best an 
strongest manner with iron hooks and stays, and the joints caulke 
with oakum and melted lead. 



Iron Pipes. 



Lead Pipes. 



All cold-water supply, air, and waste pipes under 5 
arc to be best drawn lead, and to weigh as follows : - 
li^s^t^rJ-^f(l^n: JJ inch to weigh 4 lbs. per foot. 
Other Supplt/- Pipes: 

l-inch to weigh 5 lbs per foot. 

J " 

i " 
i " 

Waste ^ A ir and Over/low Pipes : 

2-inch to weigh 5 lbs per foot. 

Ik ** '* " 3 " 
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Hot-water pipes throughout to l)e of National Tube Works' Ik* 

_ ^. seamless drawn plumbers* brass tubinji, with brass fl 

Brass Pipes. "^ 

tings, all put together with red lead in the best ma; 

ncr and made perfectly tight. 
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ATI leiul And brass ptpos nre to be put up in tlie beat manner on 

irils fct in piuce by die carpenter. Tlie IcikI ))ij)eH are lo be so- 

l'Gure<l ttith Iinrd motnl tack* or brats bands and acreiTB, and brass 

Bpipc* nitli brass bands. No liooks are to be used. The hoi and 

told waWr pipes are lo ha kept at Itnet J" apart everj'irlioro. All 

hoints in tuad pijws tbrougliunt am to bo wiped joints, no oup-jointR 

■ lo b« ^rniillcd anyvrbore; nn>l nil brius pipes are to be put Dp willi 
Kri^iit-Mi^tutl lurus to arranged as to allom free expansion and con- 

■ tiaciiMi. All conncccions between lead and iron pipes ant] traps 
lodc witli ca«t-brats furrulus, of tlie same size as llie lead 

rpipcii, Kildercd to tlui Itoil pipes will) wiped joints, nod caulked with 
ikum and mclCeil luoil into tlie iron pipu»> 

The wsBle-i>ipeR are to rnn a« follows: — 

Tiii> main -l-incli aoil-pipe is to be extended llirougk tlie norlli siile 

, of Oillar-wnll, and jointed air-tiebt witli clcnr Port- _ _ 

I - ,,..., r, . . W«M*-MBea. 

1 into tlie druin-pi|>u uutMilu. From tbis 

Mint It is to run wiili uniform pitch nlon^ tlie cellar-wall, and under 

t at bnn-mcnt walur-duset, to n puint in Laundry iiudur secuml- 

■|tor]' water-t'lofieti witli j-incli V-bratu.'b to ruoeivu trap i>l bast^menl 

*«l«r-clo««t, and 8-ineh V-braneli for waste-|npe from Laundry 

VMlMrnys, tlii'n tumin;* up un Laundry wall wiib 4-in(iU X braneli 

nd 4-Inch brana trap-screw caulked in at lb« turn fur cleaning out 

Ptba pipe, and running *trai«bt Up on Laumlry wall tlirougli tlie 

I Kllclicn Hoor nnd llntli-rooin with !-!nch Y-branch lielow Kitclii-n tlvur 

I tor wnsliypipe from Kitebcn sink, 4-incb Y-braiicb Ik-Iow Uatli-roum 

r for pipe frurn trap of wnturmlo^t, anil 3-tncli T^brnndi above 

■■11 olltur eonnections fur aii^pipa from Irupa ; and tlicncu atralgbt 

^«p (hrouttU and two feet abuvc ibc roof ( tlie lop to b« protei-tcd wilb 

Vbr«S9 wire tutltln;;, nnd a Range of lOoz. copper, IS" Miuarc, ta lie 

■iWldored on lo prolput niuf, sliinglud in and warranted tight. 

Ciury a S-!ncli Iron pl]<« (rum llie con nw I ion provided fur it in 

'^imirf with nnlform pitdi on norili wall of Luiindry to tliu corner. 

a tDrnin^. with Y-brnneh and S-inuli braes trnji- 

m tut cleaning ont, necc«ablii from tlie vegetable- ^''iJUiJjf'' 

', and continuini; with llie same pit«U on ea;t 

mil ol Latindry behind wmili-trays, with Y-bruncli fur pipe (mm 

Klrapof wa»b-trny», lo a point nearly under pantry link in first (lury. 
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and Uiere turning, witli Y-brttncli and 3-incli bntM imp-wrew at 
tlie turn for cleaning out, aad cnntinuing up on Laundrj wall to 
Cbina-closct, with l^incb Y-branch under floor Tor wa«lo from pan- 
try sink, and up tlirough Cliiua-closct and closvli over it, with donble 
l^inch Y-brancli under second-atory door for wastea from iraslt-ba- 
■ins, anil 2-incli T-braocb for air-pipe from trapi above all other cod- 
ncctionii and Clience Btrai};Iit up through the roof and 2 feet above, 
with brass wire netting on top, and IS" x IS" flange of I&oi. copper 
coldcred on and all warranted tisht. 

Carry a 2-inuh iron air^ipe, all caulked air-tight in the same way aa 
other iron pipes, from trap of baacroent water-closet bcsiile the main 
n-*.. *o'''pipo t" the connection with poil-pipe provided for 
it in Bath-room, with 2-incli T-lir»nuli above Bath- 
room floor tor connection with load ftlr-pipa from traps of sink in 
Kitchen, an<l vrash-basin, bath and water-closet in nalli-room. 
Carry a separate 2-inuh iron air-pipe from trap of Laundry wasli- 
trays beaiiic the 3-ineh wa»te-pi|ie to the connection proviileil for 
It in pecond story, with 1 J-incli T-branches to receive air-pipes from 
trap of pantry sink and secoml-story wash-basina. 

The plumber ia to apply for |-ineli s-ervicc-pipi- from ffrcet main 

inrl pay all i-liargcs, if any, for ii, and is, 

wlii'n calleil upon, to furnish and fit up temporary 

cock in cellar lo aupply water for building. As soon as the house 

is plastered lie is tocomplele the permanent supply-pipes as follows : 

Carry ^incli four-pound rising-main up on cellar-wall and walls 

of Laundry, Kitchen an.l Bath-room to tank in attic, 

RlalnB-Maln. with sioji-and-iTaRtc cock at cellar-wall, and branches 



Buppljr-Plp**! 



as follows : 




fn BiMenienC — |-inch branch t 


^ Sill-couk. 


J-inch branch to Furnace 


I Supply. 


J. " " '■ Water-cl 


owt cistori 


1- •' " " Laundry 


wash-trays 



In Kilc/ien ; — ^Anch branch to Kitchen sink. 

-J-inch branch to China-c1o<et, running on Kitchen ceiling, and 
dividing in China-closet into three ^inch branches, one of 
which is to supply the pantry sink, and the other two the 
waih-basins in second-story chambers. 



' P1paUn<n|. 
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— *-inch brnpcli lo balli; llie aame to Bnpplj- wiub- 
bnirl by ii ^ini'li brancti. 
t^ncli branch to Wntur-closet cistern. 

Every bruicli from the rieing-mAin is to linve scpamlc eiop-niid- 
tecock in a convenient plnve, nnil to nrrnngeil thiit ilie pipe-scan 
1» conipkit'ly (Irnincil o( water; ivnd eai'U of tlie 

liireo tirundies in Cliinn-t'losel is olso lo buve sepa- „*"^"''" 
, , „ , . ' Wast* ODCk>i 

) Md|»-iin<i-waBlo ctwb, (o sbuiult the pantry sink* 
or either ba^in auU empty tiie pi|H!)< iit pleasure. All slap-aii'l-nnMs 
cocki to be rtnlslied brass groiind cocks of the best quality. 

Line uniler and beliinil all pipc^B nnd traps above tlic Iirft door 
witli iilcTeD-oiinco tine, the liorUuntnl joints to be well soldoreili nnil 
tliQ upright joints (obol.ippeil. This lining la to enclose completely 
all pipes, to protectceilingBandwdli from any defect 
or Wh, prevent or future. The lining to lie graded 
to certain pointa, and lo be t-onnecled with |-incb drip pipea to run lo 
buement, and emply over cistern of baaement wnler^cloaet ; the end 
ol tlio pipe to dip below the water-line of cistern. 

Lina with lO-oz. tioncJ copper in the ben manner ilin tank ia 
•Ulc, 4'x2'x4', lo ba furnished ready for linin; by the carpcnlor. 
Sllpply from the rialng-mnin, with |-ineh linialiud brans comprcasioa 
bamiock and G-lnch copper float, an<l put in i }-incIi 
boiler valve, with J-incli pipe to boiler, and l^inch 
lead OTcrllaw pipis, to bo cnrrlt^d down beiiida rising-miiin and to 
empty over kiteben linV, with thu end over the tink turnuU up lo 
form a trap. 

Hot watrr will Iw fupplJod to Laundry wnali-tray*, ^ .w « 
Kitflieo link, pantry sink, hath, anr| three wa^li-baiiiia. 

Famish and lit up In Kitchen, huiide range, a aO-gnllon [5. D. 
Ilicti j* So'i] rir»t-i|iiality, warranted topper bath-b<i!Ier, on Lock* 
wmhI pait<<rn ca*l-ir<)n stand, lu bo cunneeted lo wAior-hack of 
raii<;u witli 1" brans pipe and ground-plug sedimeDt-cock iioion 
conpllng, and In havo wa«lfrplpu carried lo llie waclG- 
|ripa from kilchsQ sink. Tli« boiler in to have ihroa 
bran pijic-coupllng* on top, ODO lor the sujiply from tank, and th« 
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otliera for two teparate |-in(;h liot-waler supplies. Ooeof Ibcscisto 
be carrieil on KiU;ben ceiling, with |4nt:b branch to Kitclivn sink, 
tlienct! to Batli-room, with f-ioch branch to batb anJ ^inch branch 
tu wash-b^Lsin, and to conlinuo on Batli-room wall anil ceiling to 
cunnect with the siipply-pijie from tank to boilur for circulation, 
and A J-inch exjiansion pipe to be carried from the highest point of 
the ci re Illation pipe two feet above the tank, and turned down over 
the moulli cif (he overflow pipe. TLo other ^ineh Lot-water Bupply- 
pi[K! ia to be carried on Kitclien ceiling to China-closet, with ^-inch 
branch down on Kitchen wall to Laundry wasli^rays, and ^Ineh 
brnneh to pantry sink. Beyond the China-closet it h to divide 
into two ^ineh branches, extending to wash-basins in second-slory 
tbanibiTs, without any circulation or expansion pipe. 

Put three (Inislieil braj! slop-nnd-waste coekson hot -water suppiv- 

H.,.W=,., I''i" '" Cl"n.«;l~l, to .l.ut oil piolr, .ink „a -uif 

3top>anil' b.t^ina jn seconil-storv clianibers Ecparatclv, at pleav 

WdMs cockfc ure, and drain the pi'jics. Tut two cocks of the same 

kiiiil over Kitchen sink, to AM off tlie link or the Datti-rooin liMiires. 

Fiirnirh and fit up in Balh-room and two chambers in second story, 
where sliuwn or ilirectcil, three best IG-indi whito cartjicnwaro 
overllow ground wash-basins. Eacli to be sup[died with hut and 
cold water ihrotighj-inch pipe, and Xo. 4 extra filvcr-plated cast-tube 
coinprassion liasin-coeks ; and to waste through plaled socket and 
strainer, with plated plug and cliaiii-stay, bolted to (ho marble, and 
plated safety-chain Xo. 1, l^ineh lend pipe to main 
with IJ-indi lead S-trap close to the outlet, atid 
brass trap.scrow, and IJ-inth vent-pipe to main air-pipe. Connect 
the overflow with the traps by IJ-Jnch lead pipe, entering below 
the water.llne, to prevent circulation of air. 

Cover each basin with l^ineli, l>est quality, blue-veined Italian 
marble slab, dished, with nil free cdgca ogee muuMed, and wi(h j-incb 
nall-plalCR of the same marble, 15" high, with ogec-nioulilcd cilge-^ 
llnxins to be Kcun-d to marble with three brass basin damps and 
buKs to each, and the joint to lie made light wiiii i>laster-of- Paris. 

Furnish and lit up in Bath-room, where shown or directed, one 6- 
foot 20-uz. [Sf«^ei*'»]tinDedand planished copper overflow butli, to Im 



WaslfBaalna. ' 



Baih, 
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■1 nitli liut and uolil wittvr tlirciU'^Ii }-iiiuIi pijx! and yiavh ex 
ilaivd coiupraMion baili biblK^ocka; aiiU to wa,Uv tiiroi 
fooket nn'l atrninor, witli p1>il<;d pin" aiiil 
ia-sUy,aDiI pbtud 9afet>'<tiain No. 2, wiili !-i[iuli 
pijie lo main wmw, nnil i-incli luail S-irap, witli brass Irap-Krev 
If'incliluiul vunt-pliiu to main air-pipe. CnnncL-t tbeovvrfloiT to 
trap by t^iocli ItiRil pipu, entering b«low Uio waier-line. 

lUii and fit np in Cliina-cIoscC, wlicre siiowii or dirccttnj, one 

r'l] H-os. tinniid and p1anUlivilt'uppvrl4"x90"l1at-boIluiucii 

pVerlluw pantry sink; tt> bu supplivd wttii liot and colU waipr 

igb tall extra si]viir-|ilati>d upri^b( <.H>ru cvtnpreseiua paatrf- 

I, with wjrtjn- nozzlu for uold it*li;r! and to _ 

1 III i_ 1 »- 1 PBintty •Ink. 

s tlirougli prat«d tovket anrl strniner, and 3-int^u 

Bo8tuitwafltivcuck,wittiaiUer-pIat«d plate and k'ver.and l^ineh 
pipe to Eoaia waste, witli l-iouU round trap and 4^ncli brs,tt trap- 
w, and If-inoUIead vcnt-pip« lo main iiif-pij»«. Connect lln! over- 
to Uie trap hy l^'iovb leail pipv-, entering below tlio water-line. 
;ver *itli l^inch best quality, bltie-rclnml Italian lunrble slab, 
Bil, with all free edges ogcu-motildud, and with j-incli wall- 
lie* of tlio lamo marblu, IS" high, with ngec-inauldcd edges. 

Li>li and fit up In sceond-^tory Ilalh-room, wliere »hown, one 

S/tyer ^ Co.'i} white earthenware Urighlon vrater-closci, and 

I cistern, lined with IG-uK. tinned t:up|Mr, ICx 16"x 34", inside 

irenuiut, with £rt/eyrr'»] 4-ineh bran* eistero- 

l»fc brns) compression or Fuller UD-cocV and 4-iin-h g'^JfUi^JSJ^; 

eopper Hoat, erankv, levori anil phtted sar^ty> 
iln No. !, poliihed blaek Uamllo eoinpli^Ee, and 1 j-indi S}-lb- lead 
ha*in, and 1 J-iui-li overlluw carriud Into basin »iip]ily. To be 
tl«J to brand) lit wil-pipu by *-lncli Icn.l pipe and bra-n rernilea, 
S^neh lead vent-pipe to b(! cnrriiul from llii« pipe l-t main air- 
ConnecE thr ten til iili on-pi pe tniin back cf eloM't by iinvU 
to range line in chimney, making all ti;jlil< 

OTllab and fit up in Itnuuncnt, whtre shown, one [/rrWyer**] 
earllienwarii aliort Artiiun Uopp 
vttb HexIMn metallic eon n vet ion, nn 
lined with lO-ox. tinned ouppcr, IC" x IG" 
lotlilb menguromcat, with St-oi. two-gallon MTvice-twx, 
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brui compressioD ball-cock had 4-incli tinned copper float, and 
[Jf<jwr'>] 4-iDcli brasn cistern valve, cranka and all attacbmenti 
<.-otu|iliilo for auUiniatii: uat-supply willi preliminary and aftur fluali, 
And l^incli 2} lb. kod pipe to basin irlth l^incli overHow conaccted 
to basin su[)])ly. To wnato t1irouj;b 4-int:b lead pipe to brancL of 
•oil-pipe, and a 3-invb lead vent-pipe to be carried from trap to main 
air-i»iie. 

_ . Put Mott'a enamelled iron elop-Mre, of luitable 

aliapc, over bowl of eacb water^loKt. 

Furnish and Gt up In Kitclien, where eliown or directed, one best- 
quality f'oapstonc kiccbcn sink, 24" x 48" x 8", witli grooved soapstone 

Kit h SI k ''•"'"""n '''"" ""'1 soai)-disli, and soapstooe back Id" 

lii^b ; tu bu supplied witliliutanj cold val^r througb ' 
^iiidi iii|ii;an<l |-indi rinislied bi-iisai:ijniprussion-(;ocks,tlic culd water 
couk to liuvu furuw nuzzle ; and to waste through 6-indi bra»s cubE- 
piKil ami strainer, ami 2-inch lead pipe to main wuste.witb G-ineb round 
leail trap nnd 4-iticli brass tra]>-sci'cw, and 2-incli lead vent-pipe to 
main alr-jiipu. Sinks to stand on wuudcn frame furniabed by the 

Furnish and put up in Laundry, where shown or directed, a 
gel of four wliile earthenware waab-lrays, of tbo Moraban Curainic 
Co., unv IV have nibbin;; buard formed in the porcelain. All to he 
set complete by the plumber, and eadi to be supplied 
with hot and cold water through |-incb pijie and 
^indi finished brass compression wash-lray cocks. To waste 
throu^'h best IJ-intli silver-plated wasli-tray strainers and coup- 
lin};s, wiih plated plugs, chain-stays, and jilated safety ciiaiij Ko. !, 
and to have one G-inch round k'ad trap t'or iho si't uf four trais. 
with 4-incli brass traji-screw, and separate I^'indi lead waste-pi|ie 
from eadi tray, all entered into the trap lidow the wnter-llne, with 
2-ineli lead outlet pi{>e from trap to main waste, and 2-incb lead 
vuut-plpc from trap to main air-pipe. 

Supply the wa,»h-lK)Llt:r, to bo furnished and set by the mason, 
with cold water onlv, through |-iiieh lead pi ]«, carried 

finished brass ground stop-cock on the pipe, in a cud- 
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Uie boiler. There will be no wiute lo (his 



Bora (hraiigh the sill of bouse under mitlUle of front bay, or ulie- 
w1ier« where directed, ftod put 'on outside a |-incb -...^^^ 
jiUted compresaioa sill-cock, witli screw for bosc. 

FuniUh nod fit up on pier Doxt lo furnace a J-iach rurnac* Sup- 
finulied braM oonpressioa bibb-cock for drawing P>r< 
w»ier. 

Line iinil«r all ILtturea of erery kind abojt tlie basement witli 4-lb 
■Iieet lead turned up 3 inuhea all arounil, and to have coni«x brass 
■trainer an<I l-incbUrip-pipescarried lo basement and 
emptying over cistern of basement nater-closet ; the 
Btitl at pi|ie to dip balow water-line of cistern. 

All iba work U lo bu done in the very beat, neatest and most tlior 
n^b manner, tested by turning ibe water on lo each part. All de- 
tects to bu made ijood at tlic completion of tlie buildio" and all left 
pwfeci nnd warranted for two years. 

As soon as the pipes und traps arc ready t)i« traps are lo b« Glled 
with water, and tU« wbale syslent teslnl by i-lniing aJl &ir-pip«a and 
ptiier autk'la, an'X pouring 5 ounces of oil u( peppi>r- 
%ilnl into tbo top of the main soil-piiw, followed by ^If^l^^"* 
Iwo ur tlirao gallons of liot water, and iinmeillaiely 
«lo*1ng tbo top of the soil-pipe. This is to tic dune in the jircscnce 
sf th* arclkbcel or of name person appointed by bim, and If any 
i«dor uf iho puppitruilnl is detuctvd in any part of Uiu bouse llie 
r is at Lis own eximnse to sBnrcli for and find thn defect or 
which niny have allowed the vapor of pepporminl lo ocupc, 
nuke (hi'ni nil good. After repairing the defects so diseovcred, 
n 1* <o bi' r^puaUiil In tlie samn way, and nny further defects m> 
«(1 am n1>o to be made good at the plumber's cxponw, until 
liolo Is »atitfactority proved to bo tight ami |)urfent, and all 
U then to bo restored and replaced in good order ; the whole 
si making luch nipairs, and uf n^moiting and replacing ntlier 
•Balurbod lo obtain acceis to the pipes, with all expense of 
itklnn prmS any dnnuigH *•> wcasiuncd. and indvuinity fur delays 
oontrncioro. lo b« paid bj- the pluinbvr. 
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GAS-FITTING. 
[77te god-fiiting U often included in the plumber' $ coniroet,'] 

Pipe the Louse for gaR in the best manner in accordance with the 
regulations of the Gas Company, with outlets as 
marked on plans, [seventy-two] outlets in all. All 
pi^KS to be best wrought-iron, and all fittings under 2-inch to be of mal- 
leable iron. All to be put together with red lead, capped, tested and 
proved perfectly tight before any plastering is done, and the caps 
left on. All pipes are to be laid with a fall towards the meter, which 
is to be placed [in furnace^ellar near toest icindoto] and all arc to be 
well secured with hooks and bands. 

The gas-fitter is to call upon the carpenter to do such cutting of 
timbers as he needs, but no beams are to be cut, notched or bored at 
a greater distance than 2 feet from the bearing ; droj)-Iiglits where 
recjuisite to be supplied by special branches. AH nipj)lcs to be of 
the exact length for putting on fixtures without alteration, and all to 
be exactly perpendicular to the wall or ceiling from which they pro- 
ject. Bracket outlets in all Halls and passages, Parlor, l)inin'»- 
room, Kitchen, Bath-room, Furnace-cellar and Basement Water- 
closet, to be exactly 6' 6" above finished floor ; elsewhere to be 
exactly 4' 9" above finished floor. Mirror light outlets to be 8' 
above finished floor. 

Apply and pay all necessary charges for service-pipe from street 
main to inside of cellar-wall, and connect the servicc- 

^Meter."*^ P4^^ ^^"*^ house-pipes with the meter in the best man- 
ner, with stop-cock on the street side of the meter, 
and leave all perfect. 



HEATING. 

Furnish and set where shown or directed in Basement one best 
quality [No. 21 Peerless"] brick furnace, including galvanized-iron 
inverted cone top and covering bars, 8-inch galvanized-iron smoke- 
pipe, tin hot-air pipes, register-boxes, registers, soapstone borders, 
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f^Ktterin; rln^i, wire ouKinga ami Uaaipers complutc, and iiidiul'ing 
itha all corUt)^, tninsporiatioa und labor of everj Iciad axccpL only 
uwou iumI uarpeiitcr work. 

In F!r»i Sloiy: The Front Udl ie to liave IS-'iDcb pipe ntiJ 12" x ' 

Tha Bick Hull is to luive 124nch pipe nml ana Rot'M*'*- 

12"xlfi"rHgisit.-r. 
Thu Pnrlor is to have 13-mcli pipe and 12" x 15" register. 
Tlie Dining-riyim is to linve 12-incli pipe and 12" x IS" n.-s< 

later. 
/n Steoiul Slary ; Tlie Clinniber oTer Diainfj-room is ti> luwo lO-incU 

pipe and 10'' x It" regiiler. 
Tlic Cliftmlicr over Parlor ia to have lO-incIt pi|>e ami 10" x 

U" register, 
Tlie Chamber over Kitchen !■ to Imve S-incU pipe and D" x 

12" register. 
The CIihuiUt over Hall is lo have S-incU pipe and D" x 13" 

rei-istA-. 
The DrciMng-room is to have 8-iiicli pipe and 9" i 10" re^ 

Utcr. 
Tbo liath-rooni is to have 8-inch pijia and 6" x 10" register. 

Buh roO[ii in to liave an iudvpendunt hot-air pipe and nil hot-air 

I pipes lo bo ilouble wlnre lljey pass tlirough floors or purtilions, or 

f behind (un-Intpi. Tlio plp«s are to be caretnllr arraa^i'd so il>u sU 

ro^ydrowcfpially, with ca«r tiirna al every change ofdiroelion. All 

rosittiT-lioxcs nro lo bo double ; all tin-work to bo of XX bright lilt, 

I Biiil nil wnnd-work within 1" of nny Iiot-air pipe, or within 10'' 

[ of tlw niuokc-pipa. to bo proleutod with pieeESofbH^bl tin, MKiilroly 

lul on. All n-giwera aru to iw ot [CreomerV] make, nil placed 

>tliera *liiiwi) uu plant or us cllrvetcd ', ilio onu in Parlor to Iw nickel* 

' |ilau>d) all iliu oihera lu ho black japanned. 

Maku Mid ;>ut up a cold-nir box of ^snlvaoliod-iron ai ehown by 
tiliu: UniM on jiLiii, to lie 33" x SI" In wcUon. all rivrl«.l logcther in 

I log- riiB muuib at each rnd to be Qanjod out to pro* 

I IMIUm Julni with lh« fraiuconil to bate alreng galraniivd-w ire unl- 
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ting, I" mesh, over the opening. Pat a sliding damper of galvanised- 
iron in each end, and mal^e door 84" x SO" for cleaning out, with 
button fastening. 

Furnish and put on in the best manner [ WhUe's"] automatic regu- 
latAT ^^^^> ^^ ^^^ ^^^ upon the check-draught and the 
damper in the smoke-pipe, and leave all in perfect 
working order. 

Clean up the iron-work and leave it neat at the completion of the 
building, and furnish a shaking handle, poker and iron shovel. 

Furnish and fit up where shown in Kitchen one No. 5 {^Carpen' 
terms'] liangc with water-back and couplings, and plate-warmer, all 

to be set complete, including all transportation and 
labor except mason-work. Clean up the range and 
leave it neat at the completion of the building, and furnish at the 
same time the usual list of tin and iron ware. 

Furnish and set up where directed in Laundry a [ Walber's] Xo. 
1 stationary laundry-stove, with galvanizcd-iroa 
smoke-pipe and zinc-covered stove-board complete : 
all to be left neat and perfect. 



COXTRACTS. 



CII.».PrER IV. 



Not tliu loost impoi-Unt, ot die young arc1iiEcct'« ilutica U tliat of 
gaanliiig tlie iutert'Bts ot bis employer by niL-ans of a clear ani] ex- 
plloil eoatmcit with onvli of tUe uKiulianics employed oa Uis building, 
In general tliu ardiltecC liiinsolf will liave to dravr up tliuse instru- 
inlinary priatuJ furnii bt-in^ quite initilciiuatu fur ilia 
^r|iuitt!| ailJ liu will llnil Uic taak not ii1way« au easy one. AVIiile 
t U looumbout on tiiiu to set'iirc lIic bctit and tuFuft term* for liis 
nploj'wr tliat ilio conii-cwiors will ngn'o to, lie Iim no rlgUt to u«e 
r TDiian* to iodin'e tbcm to ei;;n tliL-ii' nujnus la itipiilntions of 
li lltcy ilo not fully unduntiuiil tlio nieiining; nnd if lio wialies 
a be uMh lo enforce tliu contrnct in eusc of need he cnnmit be loo 
ul la cspi'ess in tim pltiitii>sl language every point u|K>n wlileb 
y Rubudiuunily bv nodtetary lu insist, 
n order to jnwidu tor nil possible oontiugunties tt U nwws^nry to 
■'v'hX* nli't Jiitlea of ibu jiarliea unJer a great vnrlfty of 
ind u gooil eontract will fur llii* rettsun Iw suiiiuwUnt 
ig; but ibis is Uitiur limn a oundoD»ation wUkli leavus luopUoles 
»vK^u or dinputei. 

t not txi (or-iotton (bat cunirncta nre often catereil into iin- 
j^loklnsly. wlilcb nmy pmvo very d la Advantageous for nnn of ilia 
I, and tbo arcliiloct inuxt be cnruful to prnioct bis principal 
li inisliaps. Thus ibc making of a bid for work by a mc- 
:, nod itn uncnnilitiono! ai-ivplnnee by tlie owner, or tlio ar* 
t far bin. constitute n valid agrcvineol, by wbicb tbe uieelinnie 
Jul to da tlie work, and Uie uwniT to pay fur it, pvi'bn|is witli* 
' slipolatiuna as tu tlie tiiou »f uoiuplcliiin, lli« t«ru> ul pay 
ir iitlinr very important matiucs, wbk'b may Imve lu bo dt^ddiHl 
Is by cuitly litigation. For ibis muou many ircbiUKtt at^ 
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ccpt a tender only upon the condition that a satisfactory contrac 
shall be signed by the party ottering it; but such a conditioniil m 
ceptance does nut bind the latter, who is then at liberty to withdra 
his bid, if he chooses, at an; -time before the final agreement is sii^nei 
If, therefore, any tender should be particularly advantageous, it lua 
be desirable to prevent its withdrawal by a prompt and d' finite ai 
ceptance, and in order that this may carry with it by imprieatio 
the consent of the parties to at least the more important clauses c. 
an ordinary contract, it is usual to employ the device of Genen 
Conditions, which are prefixed to every specification, and constitut 
a part of it ; and since the tender is always for doing work or f ui 
nishing material according to the specification, the general condition 
will be included in the terms to which the bidder offers to conforn 
and will be binding upon him if his l)i«l is acc»'j>ted. As the generi 
conditions relate to the duties of the mechanic, not lo those of th 
owner, the former will usual I v be verv willini^ to exchanjre the oni 
sided a'j:reement constituted l)y them, under which, for instanee, th 
owner wtjuld not be retpiircd to uiake any payments before ilie eon 
pletion of the work, for a new one, defining the rights ot both parties 
and the new contract may, and should, comprise the substance < 
the general conditions of the specifications, expressed in nearly th 
same words. 

A Imilding (lontraet is usually <livirle<l into two portions, the firs 
of whieli is the siuiple agreement of one party to do a certain wor 
for the t)ther within a certain time, in consideration of a certain pa; 
mentj whieh the lait«'r promises to mak*.* ; while the second comprise 
the conditions which explain, or modify the ])rincipal agreemeni 
'J'he first portion, comprising the essence of the contract, should b 
drawn up with special care, and allliou'^li expressed in the briefest po: 
sible terms, it should be made to include the i)oints regarded as mos 
imi)orlant. In English contracts the jirincipal agreement is gt?nerai 
ly written without any j)unctuation exce[>t periods at the ends of ih 
sentences, the object of this lieing Ji? much to enforce clearness o 
oxpressi«)n as to prevent the possibility of fraudulent or carele* 
change in the sense by the alteration of points, and the j>raetic 
seems to bo a useful one. The conditions which follow niav hav 
ordinary punctuation or not, but it is not easy to make them intellig 
ble without it. 
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WliCtlicr contract* abould be sealed by tlie signers or not is por- 
to[i* doubtful. A 8im[ile agreement, in wbjcli a coneiileratlon ia 
);i[>resiei) for each promise, would not reiiiure stiuls, 
C ainong tbo m^nj- tinil variaua ilipiilatinna of a, 
iuitdiii<; contract loine ini^'lit possjblv lie regarded as promise* to 
tliicli Uic ooniidcrntion did not npply, ond a suitl would be required 
a muko tiicse vnlid : bo tliut it seuiua to be a reasonable prccautign 
» ntGx tb«ni. 

In aoint) ttates biiilding contrnvts must l>e recorded by llie proper 

Hiblic ollieef, and ilie luw in tliU ruapect iliould be nsceriained by 

krclii'MtB praelising beyond tlie boundaries al their own state. Tbe 

.aiei in rcgiird to llie liens of meelmnicB and material-men also 

; in different ttnies, and are frequently clianged, fo that Bome 

a u nociusury In secure owners abiulutvly agninit loss by tlie di«- 

Dcsty or bankriiptcy of tUu builder* In mo»t Hatea tbu right of 

cclianics to Tile lien* agninst n buililing or estate to recover tlie 

uaoiiot of liicir nnges for woric upon it is barred at the expiration 

I thirty days from the time ttiat lliey cense their labor, lo that if 

>e rword atlor this tiino showi no \'wa lo have been filed, llie con- 

r may be paid the balance duo him in full, nitliout (ear that 

e workmen can demand an additional sum. AVIiere risty days or 

lore aro allowed by la<r fur filing liens, tbo last payment lo tlic con- 

r niu^t be ilcferred unlit after iho lapse of this term, allowing 

few daynmiirf loglviiopporlunlly for examining the record. Liens 

r material* furnished to a eontrnelor can in most slates (inly b« 

{olaitd by giving notice to Iho owner of llio building in which lliey 

« nsKd, before llicy arc delivered, that he will be held resjionsible 



r tL« prieB of them, and be 
B to tbo tonlrnctor. or 
ve llicui, mid tbo laltoc 

bpay. 



II t!>el 



1 the amount out of the 
lotify the dealer that hu will 
1 only look to the builder for 



n tlio following form of con- 
9 ctauiHi mny need 



\VlUi theio cxpIanaiioDs, Iliu clauses i 
riraci will ba sulOciontly dear. Tho 1 
■ Oiodi Ilea lion according to circumstances, but thu im])ortaut pointi 
ptrt to mako snrn that tbo builder's inlorest will be covered, so that 
E of loss hi: may not be thrown Inio bankruptcy, lo iliu injury 
owner ; ami to dofinn clearly iho mmle in which the [»illcy 
jftliatt be taken out and paid for, so that th« building may not b« left 



2C4 BUILDING SUPEBIKTEXDEMOE. 

unprotected tliroagh any misunderstanding between the owner and 
contractor as to each other's duty. 



CONTRACT FOR BUILDING 

Made this ffieenth day of Septemlter in the year 188S by and be- 
tween James Johnson of Alhantj in the County of Albany and State 
of New York party of the first part an<l Thomas Smith Richard 
Smith and Henry Smith of Melrose iu the County of Rensselaer and 
State aforesaid copartners doing business under the firm name and 
style of Smith Brothers builders party of the second part. 

The said Smith Brothers prrty of the second part for themselves 
an<l each of them and each of their heirs executors administrators 
an<l assigns hereby covenant and agree to and with the said party of 
the first part his heirs and legal representatives in consideration that 
the party of the first part agrees to perform the consideration herein- 
after mentioned to make erect build and finish for the said party 
of the first part hi. heirs and assigns a dwelling-house on land o^' 
said party of (he first part on Fairfield Street in said Melrose in- 
cluding all the excavation and grading mason-work plastering car^ 
penter-work roofing painting and glazing but exclusive nf phunhing 
gnsfitting and heating and to furnish all the materials of every 
I«nd labor scaffolding and cartage for the full completion of the 
said excavation and grading mason-work plastering carpenter-tcork 
roofing painting and glazing and they airrce to supply said work 
and materials in strict accordance with the drawings and specifica- 
tions made by Edward Tyro of said Albany architect which said 
drawings and specifications are and are to be tak^n and decme<l to 
be a part of tliis contract by both the parties thereto and all things 
which in the opinion of the said architect may fairly be inferred 
from such drawings and specifications to l)e intended without beinj 
specially stipulated are to be taken as expressly specified and all 
the materials are to be supplied in sufficient quantity and where the 
quality is not otherwise described in the specifications the best 
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njality of mnti-'vinU U ^pecificnlly implieJ througlioiit and llie 
|uil Smil!i Broihert pnrtj- of the spcoDil part covenant to perforin 
irliulu of tlieir agrQiMnenC in the befit most eiilwtantial nnil moit 
hrorkmanlikc imnner subject to tlie (lireoLions from lime to time 
' md to tbe fiatlsfaution of the said architect or his successor np- 
po!aE«<I by the party of llio first purl and to deliver ilieir work 
CVtopIetcly Guisbed on or before the fjletnth day of April next. 

Anil the said party of tlic first pnrt hprcby promises and agrees 
Id oonstderation of the promise of the party of [be aecnnd part to 
perform the foregoing covcnantt to pay to the said party of the 
•econd pan ihe siim of tlx thotaand four huniirfd and nintlysevm 
doltart ($8,407) in four several paynitrnls as follows : — 

The first payment to be Fi/ieen Hundred Dollars (9t,500) when 
o roof it on nnd boarded. 

The second payment to he Fifleert TTundrtd Dollars (tl.600) when 
outside work Including piazza anil porch is donu and painted 
It and the maaon-work nnd plaitGriog finished and the sashes 



^Ue third itayinent to be F!j>etn nanJrtd Dollars (fl.SOO) when 
~ ic atandins finish Is done and ihc nppi-r tloors and utairs completed 
ud tb« second coat of paini on ibe outside. 

I And tbe balance ihing-ihree days after the said work shall hnve 
I) otMBplctely finlshcil and delivered and nccepli'd by the said 
Y of tlie first part unices some defect >hall meanwhile liar« 
n discoTored in the anid work. 

Provided liowevur thai no payment shall bo made except npos 
9 C4srliticate of the ciiij acdhitcct or his bhcccssof that the work 
r which said payment i* to 1n> made is properly done and llint 
• pt^maiit Is due such cerllficnio however not eioinplinL; tlio 
f of tlio second part from liability to make good any work so 
srtlGiMl if [l ha nClcrwarda diicovcrcd to have tieen improperly 
« or not in nccord^nce with thu platH or spcdScations and pn> 
td (arlber that prior l^i each payment by the party of ih« first 
•t a mtistactury cortilicate shall hare been obtained to ibc uScct 



v^ 



266 BUILDINa SUPERINTENDENCE. 

tliat the estate or building upon or for.which the work is done is at 
the time when the payment is made free from all mechanic's liens 
and other claims chargeable upon said building or estate and in- 
curred by said party of the second part. 

^ / And it is hereby further agreed by and between the said parties 
^X ^ hereto that the drawings and specifications are intended to cooper- 
ate so that anv works shown on the drawings and not mentioned in 
the specifications or vice versa are to be executed by the party of 
the second part without extra charge the same as if they were both 
mentioned in the specifications and shown on the drawings. The 
saicl par^of the first part or the said Miml^S0[ with the consent of 
the part^nif the first part shall be at liberty to order any variations 
from tlic drawings or specifications either in adding thereto or 
diininishinij therefrom or otherwise however and such variations 
shall not vitiate this contract but the <lifference in cost shall be 
added to or deducted from the consideration of this contract as the 
case may be by a fair and reasonable valuation and the aifchiliilrt^ ''^ 
shall have power to extend the time of completion on account of 
alterations or additions so ordered such extension to bo certified by 
him to the part>^of the first part at the time when such order for 
alterations or additions is jjiven. Orders for chanjjes which do not 
affect the cost of the work may be given by word of mouth but no 
order for anv chanjre which increases or diminishes the cost of the 
work or affects the time of completion shall be valid unless given in 



writing. 



Neither the whole nor any portion of this contract shall bo 
assigned or suWet by the party of the second part without the writ- 
ten consent of the party of the first part. 

If the sai«l party of the second part shall fail to complete the 
said works including all variations should such be made at or be- 
fore the time acrreed upon with such extension if anv in the case 
of extra work as may have been made Jind certified by the architect^ 
then and in that case the said party of the second part^hjill forfeit 
and pay to the said party of the first part the sum oi'iPci^ dollars 
(^0) for each and every day that the said works shall remain un- 
finished after the time agreed upon for their completion unless in 
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S opinion of said arcliitwl Butli ilclnj- could not witli reaaonabla 
pigeiico and prudence Lave been avoidud or foreseen by tliu paid 
■rty of tUo sucond part^tliu enius to forft^Ucd to be rel.iincd us 
ptJateil und ascertained damages out of any money Llmt may itifn 
■'duo or uwiii}> or mny tlicroafter become due or owing to ttic said 
Irt^ of llie soeond part on account of Iheir tiork imd materialt 
'li]«r llUa coDCroci. 

■'If ihe si^d pafly ot t'le second part aliall ticcomo bankrupt or in- 

pvent or assign rtWE*^ propcriv^for tlio lienefit of crpilitorg or 

woe otbnrwtso unable £«£«««# to carry on llip work or slioll 

refuse to do so nt any lime for stx dnys in tlie lu.innor re- 

1 by tlio nrcliilecC or nliall rcfuMi lo foUovr liis direction as to 

t mode of doing tiie vorlc or ibiiU noglot.-t or rcfuKc to comply 

Ji any of Uic articles of tbis agreement then the said par^ of tlie 

It part orMsli^nt slinll bavu the ri'^lit and is licrcby eoipowercd 

K voter upon and laico possession of tbo premisrs niili ihc maie- 

[■ anti ftjiparaius lUereon after giving two days' notice In writiij" 

i tbcreiipon all claim of llie said parly of tlic soennil jmrt lA«ir 

Kulon administrators and assigns sliall eeaso and the sai<l [larty 

I the Grsl part or liis agent may after using S\ick of tlin materials 

tdy on tlio !;round as sliall bo suitable provide otiier materials 

il workmen sulTicient to finitli tjie »nid works anil tbo cost of labor 

d nutlerUIs so provided aball be deducted from tbe amount lo be 

i aadisr tills contract. 

All materials shall be tlio property of the partj- of llio first pan 
■ won as rbey areduUvored on the ground subject only to the rl^lit 
I Iho party of llio socond part to remove surplus matcriaU nl ilio 

npletion of tlie building but no mnlctials are to be paid for 
■tort tliey are set in place in tlio worL 

Thn taid party of tbe Rrat part shall keep the taiJ building at all 

s fuUy insured against lots by liro for tlio benulll uf wlxna || 

Bgr (Witcern and In caie of Ins* llio Indemnity shall Ihi dividml be- 

Mn lUe parties hereto according; to tlutlr rospecllve intvruals in 

A propwrly dojtroj cd. The said parly of llin second part sbnll lie 

Lly rMpODslblo for all loss failure or damage from whatever 

10 t« tliu said works loss by Gre lUoue eseoptul until tlie nbola 
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]■ delivered and accepted bj the ptrtf, of the firrt put and shall 
give all necesBary aMiataDce to the other mecbanlca employed in tb« 
building and shall be lolelj reiponBible for %aj delajr to their oper- 
ations or damage to their work or materials or to neighboring prop- 
ertj or to the persons or property of the pnblio by the workmen or 
through the operationi of the said party of the second part. 

And for the futhful performaoce of each and erery the articles and 
agreements liereinhefore contained the siUd parUes hereto do her«- 
by bind themselves their heirs ezecntora adminlitraton M^assi^ns,^^ 
each to the other in the penal sum of Tkrea Thmtumd Dollars 
(S3,000) Grmly by these presents. 

Id Witness whereof the said parties hereto have hereunto set 
their hands and seals the day and year first above written. 
In presence of 

Edward Ttbo Oamks JoriNsox, [Seal.] 

to both. i Smith Drotuicbs. [Seal.] 
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CHAPTER V. 



TaK third division of our subject vill (rent of a more compMc-nMd 

piece of construction tlian either of llie preteding, and will luail u* 

Into tbe conaideratioD of slreeses and the resistances o( maieriati in 

A way which should be familiar lo every young nrciiiicct. Tlio 

liablt of analysing designs with regard to their merit as striiclurus 

Is QUO of tiie most ftduuhle tliat such persons can form. To nay 

nothing of the importance of acquiring that constructor's instinct 

which is the bust safeguard against Uiu slips that often bring di*- 

credit upon tlie most liigldy trained men, this same constructor's in- 

MincI, built up, to to speak, by the I'Onslaot oon si dv ration and 

apfirtwiatiuD of weights, llirusts and resistances, is the main clement 

of power In arvbit«ctural design. A certain amount of prettiness, 

even of tiiMlrical picture9i|ucness, is within tliu reach of Ilie 

who cars* and Icnowa nothing about the concealed con- 

whicli ii to huld up his pretended arches and iintelt, 

Ihe mind voon lirei of detected sliam, while It finds ever increas- 

pleMuro tn iho ouilerly uaae and originality whicli come from 

skilfid handling of brick, ttono and wood as materials to he 

inkly used in satlafylng the varlons conditions of mmlern struct- 

With us, unfortunately, certain important classes of building, 

ih, for initance, as city dwclling-housei, have fallen into a routine 

iilion, whicti, if nut punitivvly vicious, oSers at Icait few 

iponunitivs for the solution of novel problems; so that it is all the 

:• (mportant for llie younger raemlwrs of the profession lo seek 

ent and study spnclal conitructions. In order to keep tlicir rainiN 

proparod for ilic dilScidt prograuDci which will noner or later be 

Mt before them. 
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How this may be done can best be shown by means of an example 
which is to be considered in the way in which an intelligent architect 
would either study the details of his own design, or would criticise 
the work of another. The problem chosen is that of a town-hall, 
measuring seventy-five by one hundred and fifty feet, containing 
municipal offices in the basement and first story, and a single large 
room above for public entertainments. This room is divided into 
auditorium and stage by a brick wall, the proscenium-arch being a 
real construction of stone. The thrust of the arch is resisted on one 
side bv the weight of a tower, which rises to a considerable heif^ht 
above the roof, and contains a fire-proof staircase, as well as a ven- 
tilating shaft, and on the other by the wall of a small dressing-room. 
Opposite the proscenium-arch is the gallery, under which is the 
main staircase, with ante-rooms on each side. The auditorium is 
covered by an open-timber roof, with hammer-beams and curved 
braces, while the stage and gallery have roofs of simpler construc- 
tion. The exterior walls are of brick, with strings, lintels and other 
work of stone, and all interior walls are of brick, except a few light 
framed partitions. 

In order to shorten the calculations as much as possible, the floor- 
plan is made extremely simple; the object being merely to illustrate 
principles. The structure is to stand on piles, driven through made 
ground to a stratum which, although not possessing great resistance, 
forms the best foundation within reach ; and as it is essential to cut 
off the piles under the water-line, which is here fifteen feet below 
the curb, this distance will be the height of the foundation-walls, in- 
cluding the footings. As usual in all buiMings, the plan of the upper 
story determines that of the sub-structure, and the distribution of 
the weights and thrusts of the proscenium-arch an<l roof must be 
the first step toward the laying out of the foundation-plan. 

We will make our provisional plan without windows or parti- 
tions, since the latter will depend somewhat upon the distribution 
of the former, and these again upon the spacing of the roof- 
trusses, which is yet to be derided. Figure 175 shows therefore 
the outline of the main walls of the first story, and Figure 176 those 
of the second story; the tower and the other cross-wall which serves 
as abutment to the great arch being indicated, as well as the out 
line of the roof. 
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wUb, tor ibe sake of greater wcnrily ftgninsl fire, W 
It off tiie upper portion o( ihe sLngo cnt'irolj from llie auditorium, 
k carrying ilie proEconium-wnll dirougli tlie roof, tlie profile of the 

■III Uelermine lli»t of tUu wall, wliicli will, however, project k 
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effect which we wish to secure in eleiration, since so far as interior 
convenience or acoustic effect is concerned it makes little or no 
difference whether the pressure of the roof is resisted by the mass 
of a plain wall, 
by internal pilas- 
ters, external but- 
tresses, or the 
weight of pinna- 
cles. 

As the form of 
the wall above, 
and the distribu- 
tion of the weights 
upon it, whatever 
may be its plan, 
must substan- 
tially determine 
those of the wall 
below it, we shall 
now have the 
main features of 
the exterior ma- 
sonrv, and can 
go on confidently 
with the study 
of the elevations. 

The thickness and ^''* '^^* 

position of the interior walls and piers will, however, depend some* 
what on the mode of supporting the floors, and this point should l>e 
generally lixcd upon at the outset, more accurate determinations 
being made subsequently. There is not much danger in such a 
building of imposing too great a crushing strain upon any of the 
material?, but it is best to keep the strength of brickwork and stone 
in mind, and to guard against diminishing unduly the size of piers 
between openings, either external or internal. 

In order, however, that our conception of the problem to be solved 
may include all the essential conditions, we must, before proceeding 
beyond the most general outline of our design, know something of 
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e roiinilAtion wbk'li is to atipport nur buililing, anil Uiia will U- all 

e mora necessai-y in tlie present case, since tLe bearing eu-atum 

l_ to vi\iU:h the piles are to be driven is not of ver/ firm consistency. 

10 propoEcd to put im unusual weiglit on any part of the (auntlA- 

liun, hy carrying tlie tower lo a consiilemble lieiglit, or in any otber 

way, it would be necegaary, besides driving trial piles at diSerent 

point* witbin tbe site of the intended structure, to tbow the hnrdness 

of tbe bearing stratum, to ascertain also its tbickness, and tbe cliarac- 

t«r of Ibc material below it, by boring tUrougb it with an auger vrliieh 

will bring up in its hollow a, portion of tbe formalioua ivlilcb it 

\ traverw-'P, but our building being conEidcrably lighter than others in 

suigbbnrbood, wbicb have stood for years safely on foiindiitioaa 

I about which no special precautions were taken, we need hardly 

J fear the disruption of the bearing strntum itself under liie weiglit of 

I tlie building, providud tliv load U so distributed over the pilca that 

■ none of these will settle after tbe structure is coniplcIeU. Just how 

■ .much weight can safety be jilaued on each pile under our building 
T cannot be known until thi'y are actually driven, sinto tbe coneisrency 
[ ,«f a bearing stratum sucb as we have to deal witb varies grently in 
I, different parts of a given area, but we can form an approximate 
Tfipinion by obterving tbe driving of tliuse for works in the neigblxir- 
L'IiIkmI- We will iberefore inspect tor a few minutes the u|>craiions 
[taking place la ilio cellar of a new block of stores near by. The 
|| piling (or one of tbe party-waits is juit started, and we observe tbat 
I Um lenKtli necessary to reach tbe bearing stratum is about tliirly-fite 
I .ftoL Tbe piles are of spruce, most of them porfccily strnigbt, al- 
ii Ibongli wc notice tome crooked ones being hastily rolled to an incon- 

■ •plewus position as we npprooch. We see one swung under the 
n of tJie machine, and the driving begun. The pile sinks 

Knpidly.mndatunuarl} uniform rate, through the gravel filling, until 

■ tts Lwul b wiihin two feet of tbe surface of the grounil, when tbe 
(blows areM-iin to meet with crealerresiitnnce; the hammer rebouD<ls, 

\jmi the j^und i* felt tn quiver, while the sinking of the pile unilur 
h stroke is but tivc or six inches, instead of a fuDt or no. The 
king of tlio ground indicate* tliat tbe Iwaring stratum in that place 
la IUd, and there is danger tbat it may bu brokun tliruugb, so tlie 
{faraman nrdvr* a man (u clinib half-wny up ll>o machine and il«. 
be kamm«r by band, so oa to lessen the distance through which 
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it falls, and with it the force of its impact upon the head of the pile. 
Stepping up to the machine, we now ascertain tlie rate at which the 
pile sinks under the blows, by marking on one of the standards with an 
old nail the position of the top of the hammer after two successive 
blows, and measuring the distance between them. For two blows 
the sinking is five inches, then it falls to four, and then to three inches. 
The next stroke drives it three inches more, and the foreman srivcs 
the signal to stop. As the machine is being shifted to a new place 
we inquire the weight of the hammer, and learn that it is 1650 
pounds, and we ascertain, also, that the height from the ground to 
the point at which it was detached for the last few blows is 15 feet. 
We have now the data for determining the weight which can be 
placed upon the head without fear of its sinking under it, hy Sanders's 
formula, —^= IF, 

in which FzzzFall of the hammer in inches. 
iS^= Sinking at last blow in inches. 
//= Weight of hammer in pounds. 
W= Safe weight in [tounds. 
In our case F=180; //=1G50; 5=3; and the formula gives 

— ^ ** =12375 pounds, which is the safe weight required. The 

next pile, with the same fall and the same hammer, sinks only two 
inches at the last blow, which, if substituted in the formula, would 

180 X laao 
give — g - 2~= ^^^^^'^ pounds as the safe weight. Most of the 

piles, however, give a minimum sinking of three inches, further 
driving increasing rather than diminishing the rate, by the penetra- 
tion, as the foreman informs us, of the bearing stratum; and the 
corresponding safe load of 12,375 j)0unds must be accepted for the 
present as the standard upon which our calculations should be based. 
.We notice that the piles for the party-wall are being driven in a 
double row, spaced two feet apart from centres in the direction 
transverse to the line of the wall and three feet from centres in the 
same direction as the wall; and, curious to learn what load the un- 
known builder proposes to place on them, we ask to see the plans, 
which are in a tool-chest on another part of the ground. These 
sliow a row of three-story stores with finished basements, each 23 
feet wide from party-line to party-l»«\e. The walls scale 45 feel 
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Hgli from the curb-level, anil we know tiat llie Jcplli front ibis level 

'b the ti>p of tbc piles must be 16 fuct. At llic party-witlla Iiavp no 

D or eitrlh to aupiiorl, tliey liave but two ouiirsi'g uf stone 

loliogs; one, iiiiiuedmlcly nbove the piles, being 3 feet wiile itntl 18 

IcLw liighi while iLo seeoud is 3 feet wide and also 18 ini'Iii>B high. 

is tK|uiviilenl, in a ruuj;li estimalioD of weigtita, to xn ntlditiuD 

f 4 fc-et 6 inulies to Uie bui^lit o( ibo wall, wbL-h, alxivo ibo [oot- 

thgs, b of brJL-k, IS indies thick, making the virtiml binght of the 

Hrall U feet G incbc». At 113 pounds tu ihe cubic font, which is a 

eiitliniite [or brickwork, but low for iloDe-work, tlie weight of 

Kcb foot itt luDgtb oF tliu wall will be 7,231 pounds. To liiis must 

b added the weight of ibo floors and roof and the probable loadt 

It tliem, wUIeii in a retail country store may ta(e\y be taken at 

I poaod* to tlie ujuaro foot. Tlie roof, which jn this esse i« 

titered with tar Hnd ynivol, will require about the same allowaoce. 

the clear span of llie Hoors is 32 feet, and Iho partv-w-ill supports 

)Uf the door on each side of it, or 33 feet in nil. Counting that of 

B baMment, which is framed just like tbo otiicrii, there are four 

i besides tlio roof, and the total lluor and roof )oa<l aiipporled 

)/ each foot in length of the party-wall will tliereforo be 9 X S3 X 

lOs: 11000 pounds. The weight of each foot uf the wiill ilwIF, 

'e Junt ascertained, i« 7334 {loiinils, so that the total pressure at 

le bottom oE tlie wall is 13331 pounds to each foot in length. The 

* being spaced 3 feet apart transvursely, and 3 fuet longUiidt- 

■11;, there are but two plica under every 3 feet in length of iho 

o that viicb tuiir of pitoa has to support 8 x )8S34 = UGZS 

of wall ami lloor loail, making ST336 |)ounds to each pile. 

(Bnl we lure aitcerlainud b^ Sanilers's formula that the safe weight 

a the p!le« under the comlitions which wa 5nil to cxiit is but 

Lsill pounils; 10 that if thn plans are carried out they will ba 

lore than double their safe capacity. After sali.ifyiagonr- 

N that oar calculations are cori'ect. we call tbo attention of tfaa 

)«m«n ul llie piliMlrivers to them. He Blirngs his ■boulder* at 

htimnil mutlers njuiething about "book-larnin," and "practical 

" but is flnully brought to admit that if tho building had be«a 

le wouM, coneirlering the softness of tlie ground, liavc put a 

plelntload of a double row of piles uodar tlin wall, and maik tho 

iCing In each direction 3 feet, which i« a* near togetlier ai long 
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It the nrch anil tbe wall above it in i^levntion at a largo 8cal« nu Lave 

the eluiuunts necessary for jBlermioins approximalely ita Btability. 

A <liu^ram oF onu-ljaK iLe arch h siiirii;ient, as it is symiuetrically 

> aluipoil an'l loadvil, bo tliat ibe liue o( jiressura will be tlie same on 

I «acli side of tl>e centre. 

i*iil sboiv us tlie ilireEtion ol all the forces which act upon 
ktlie arcU and ii« abutments, and il it fulills two esseoUul comiiiiont 
l-the ftrch and Us abutmems will be stable; if not tliey will be Uuo^r- 
It onsly weak or fail ivkugi'llier. 
Tliesa rci{uironient8 are : — 

I. Tlie curve of prossuroa in tbe arcli must Uq wholly niiliiu Ujb 
I Whldle llitnl of the voiisaoirs. 

8. The liue of prunsure prolonged through the abutment must 
palriko wuU williin tlic b»e of the abutment. 

The reofoiK for these will bo remlily seen. If iho line of press- 
iiro piMics llirongli tlie central liue of llie vougsoirs, the crushing 
l-Hrtin due to it will be equally distributed over the surface of each 
^ joint, bat any deviation from a central poailioD gives an inequality 
tb) tiio d1«lr1bu(ion of the straiu nlilcli increases very rapidly with 
pilM variation of tlie pressurd^urve from the central line. So long 
curve remains wUliin tlie middle tliinl of tlie depth of tho 
atr«, the strain uiinn each joint U ouu of compression only, al- 
itmay be unoiually distributed; but when it reaches the limit of 
idle tbiril, lliu urusliin^ strain at lliu nearest edge of tbe joint 
C M groat M wlicii eiiually distributivl, while lUitt on tile more 
« tulge is reduced to xero; ami beyond this, while llie cuuipre»> 
if til* nearer eii^ is Inereued to a haxardous extent, the strain 
n oUier edge passes inlo one of tension, whiuli, if there should 
opportunity for raovement, will open the joints, and licnil and 
tu the arch until it falls. This is a fatal defect, and the Iwund- 
9S of the midille third of the voussuir, b«yond whicli tl>e pressure 
■ tin* cannul pa>s without producing a tensile strain either at the vx- 
Wtrul'M er liirrnilos, muHt b« strictly mgarded. 

TtM *Mond rRqiiirrmnnt, that the rflsullani of all ibo forces acting 
meat mult strike within Its Iiuc, is obviously a nccc»- 
itherwliu th« cITcat of the combined pressures would be 
u abiitnu-'nt, u uflco occurs with arclioa ciirclessly de- 
iligDod. If llic attutmonl wera a lolid aad unyielding mass, it would 
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be of any wJUtli, but it saves trouble in coiRpiilatLoa for a Inrrje arch 
to make them onuli two fuet wide as far as possible from the centre 
line. H tbe spaii e>t aroli is not a multiple of 3 feet, the wiiltii of tlie 
lant sliee but one will be n fraulion of two feet. The inner eJge oE 
tlie last slice, inarkeil X, mnst jiist loiicb tiie springing of iLe itrub, 
anil llie outer edge must loncli the cxtr.t[1os of the first vouuuir. In 
tile present cose, tlie bod of the &ri,t taussoir being borixonlal, and 
the depth three feet, tlie width of the slice X will also he three feet. 

Wo hare uuw to find the vertie&l line in which ties tlie centre of 
gravity of each of Iheso slietB, and from that the verlienl drawn 
through llie eentreof gfavity of the entire half-arch and its load. 
It the slices are taken small enough, the centre uf gravity may 
wiUlnnt appreciable error be assumed to lie in a Tcnical drawn 
midway between tlie lines bounding tlie slice, and we bnve only to 
draw the short lines shown in that [Hiiitiun, The relative weight ot 
each slice is next to be obtiiincd, am! as in a wall of homegeneoaa 
Diasonry this will be proportional to the areas uf the iliccs, wn need 
only catculululliese, leaving tlie thickness of the wall and the weight 
per cubic foot as constant factors, to be siipplieil in case we wish to 
delerminu any actual pressure from the relative ones which the dia- 
gram will give. 

Measuring with ttin scale the length of the twn vertical sides of 
eaeb slice, dividing lliuir suib by (wo and inuUtplying by the nidtli, 
will give their areati in square feet, which we mark as shown. 

We have next, for the sake of siiniilirying oar work, to make two 
■liamplien*, which ex]ienonce shiiws to iw justified, allhuugh they 
have no theoretical foundation. One of thcsu is that the pressure- 
earve piusea through a given point at the crown of ibo arch : and 
tiw Other, that it also paiae* through a given point at the spi'inglng. 
If these two jwinta are fi.xud, the re»t of the corres|)oniling curve fs 
easily found, and for ordinary purposes we can safely suppose them 
to be ae by the adhesion of tlie mortar and general inertia of the 
masonry. For a semi-circular or scaii-elliptical arch, whieli naiu* 
rally tends to rise at the haunches and descend at the crown. It is 
tunal to make these points coincide with the outer limit of the middle 



lltird of the voussoir 



nd springing, t 



t Cnnd 5 it 



the Qgure. i'at pointed and segmental arches, wlilek under ordi- 
atrf clrcumstaace* tend to rise at the crown and dosoe&d al tha 
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bauDchcs, tlie points fixed shoultl coikeide with the inner limit oE t 
middle tbird of Uiese vousioirB. If, however, & pointed or tegnK 
tkl arch is most lieavlly loaded over the croirn, lo tliat its oftcui 
disposition to rise at ibat place is counteracted, tlie fixed point m 

be at tlie outer third, either at tlie crown alone, or both at crown a 
springing, as may seem best suited to the circumstances. 

In tlie case oF our elliptical arcli, tlie points C and S being t 
ones assumed to be fixed, we will prolong tlia centre line of t 
arcli and loail indefinitely downward, and then space off upon it 
tuccevsioa the weights of the slices of the arch and its load, 
rather, of the areas wlitch stand as the abbreviated form of ihc 
weights. Any scale may bo (aken, as these dimensions have nochi 
to do witli those of the arch itself. At the scale we adopt, 92, i 
numher representing the area of the first slice, will extend from C 
1 ; S7j, the second slice, from 1 to 2 ; and so on, 11-12 rcpresenti 
the last slice. 

Next, lake a point 0, at any distance to the left of the line C-) 
and opposite its middle point; draw C, 1, 2, and so on, to 
12; the simplest way of doing this being lo draw C and 12 O 
45° with the vertical, which will give at tiieir intersection. 

Draw now, from the intersection of C with the centre line 
the first slice, another short line, P Q, parallel lo 1, until it int 
sects llie centre line of the second slice ; then from this point, pur 
lei with 2, lo the centre of tlie third slice, and so on, the last lii 
X ¥, being parallel to O 11. From Fdraw a line downward par 
lei to 1 2, until it intersects C OaxG. A vertical drawn throu 
C will pass through the centre of gravity of the arch and its load. 

If the half-arch and its load were in a single piece, supported 
5, they would be acted upon by three forces, namely : — 

A horizontal pressure, proceeding from the key of the arcli, a 
caused hy the push of the other half-arch; the force of gravitatii 
acting vertically on the line of the centre of gravity; and the re 
tion of tlie abutment, whtcti serves to oppose the other forces a 
n the whole in equilibrium. These three forces must meet 
it, since otherwise they would not balance each othi 
and as the horizontal and vertical forces are fixed in direction, tl 
point, must be at tbcir intersection, or at J*. We have already 
Bumed that the line of pressure in the abutment, which is the sw 
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> tlie line of n-HL'tion ^aioat the pressure, sliall pass ibrough S; 
\, tL» F \i alroiJj' found, F S must sliow tlie directiun of the 
;. Wo Iiavi) j-et to find Ibe ninounl of lUe pressure; but 
mow tbst, like every olber oblitjue force, it mil be ciecomposed 
bito m Tcriiiul nnil n liorUontal pressure, wbicb will be represented 
by the wljarenl sides of a rectangle of which the originnl force 
(onus the diagunnl ; and as llie vertical voinponeDt is obviousl}' eiguiv- 
' u sum of the weights of the siuaII slices of the arcli and 
■ lotd, wluch ftirnlih tho only vertical pressures, and are already 
d out from C to 12, wo have simply to take F T, eigiial to C IS, 
Ud dr^w die borizontal TJ, iutersectins tlie prolongation o! F S 
t Jt Then J F, at the scale to wbicli the other pressures are 
rawn, abowi the amount and direction of the oblique reavtion act- 
gtlirougb S, and applied at F, and F T and 7* /show the amount 
rlical weigbt and horizontal tlirust by which it is baUnci^d 
Bitt that point. 

The arch and its load not being, however, a solid mass, but com- 

fymwdnf small parti, mutually wedged against and sup|iorling each 

Otber, tlic actual dircclion of the pressures is not the broken line 

C FS, but a curve, or railicr a curved seriui of short straight line*, 

emnohling with C FS only at the eatrcmities C and S, and varying 

pis lUraolion wilb the gradually aerumuluting wuight of the succes- 

|lv« (licet of Ibe arch and its load from tho centre. To facilitate 

• drawing of ibc diagram, we prolong F C horizontally, and draw 

f» W parallel taJF. As C IS is equal la F T, C W i» equal to 

f T, and, like it, represents Ibu borlxontul thrust at tbe key of tlie 

Karvbi while 13 \V represents the oblique pressure at tbe springing S. 

» preasures at succuscive jioinla in tbe nrdi nill then be repre- 

t«d, both in direction and amount, by lines intermedialo between 

thwa two, and if we draw to W lines from the points 1, 2, 3, and so 

on, which correspond to the weights on the central lines of the slices 

of ttui arch and its load, we shall have tlie luccesiiive directions of 

ika carve of pri'siuros at Its intersection with those lines. Nothing 

Iheo roBiains but lo draw C L huriEomnlly, L M parallel to ] IT, 

M N parallel to a IV and so on to S, where tbe line will coincide 

villi that previously found. 

Bjr rofnrring to tbe diagram, it will be teen that tbe roniprcssivo 
■train npoa tho arch-^lone* grows conilnually greater Crom iba crown 
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to the springing, the horizontal component remaining always tbe 
same, while the vertical component increases. 

Having found the line of pressures, it remains to see whether it is 
contained in the middle third of the voussoirs. A glance shows us 
that this is not the case, and the arch is impracticable. 

If it were built it would bend outward at R^ ^nd sink at the crown ; 
the inner edge of the voussoirs would crush at the points where they 
are crossed by the pressure-curve, and the whole would fall. 

There is nothing for it but to design a new arch, and as the curve 
of pressures varies with every form of arch, a new curve must be 
constructed for each. After trying an ellipse of greater rise, and 
then a circle, all in vain, we are led to the pointed arch, as being the 
only one adapted for a large span, with the maximum load on the 
crown, and by laying out such a curve, as shown in Figure 179, we suc- 
ceed in passing the curve entirely through the middle third of the 
voussoirs, taking these at three feet long. 

We have now three more points to determine : 1. Whether the 
abutment is sufiicient to resist the thrust of the arch safely. 2. 
Whether the pressure upon any arch-stone will be so great as to risk 
crushing it ; and 3. Whether the inclination at which the pressure is 
applied u])on any voussoir, or any course of masonry in the abutment, 
is so great that the superincumbent mass will be in danger of sliding 
on it, instead of simply pressing against it. As we have seen, the di- 
rection of the thrust of the arch at its springing is shown by the line 
FSy an<l if the arch and its load were required to be held in equilib- 
rium by an inclined column, for instance, the line J S would show 
the position of the axis of the column. We have here, however, to 
resist the thrust, not a rigid support, but a mass of considerable 
weight, which will add a vertical pressure due to this weight, to the 
inclined thrust, modifying its direction as well as its amount, and we 
must find the modified direction of the pressure before we can deter- 
mine whether it will fall upon the base of the abutment so far within 
its outer face as we have found to be required for perfect safety. 

Strictly, the modified lino of thrust through the abutment would be 
a curve, since the vertical component accumulates as we follow the 
pressure line away from the springing of the arch; but for our pres- 
ent purpose we need only ascertain the point and direction of its 
application at the base of the abutment. To do this, it is sufficient, 
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three equal parts, the first point of division, V, shelving the poritkm 
of the centre of gravity, as required. From V we now drop a 
Ycrtical line intersecting the pressure-line S J At K; this will give 
the point of application of the vertical component of the new press- 
ure-line. To determine the amount of this component, we measure 
the area of the abutment trapezoid as has already been done with 
the slices of the arch and its load, and obtain 507 as the result. We 
lay this off from 12 to 13, on the same vertical line that measures the 
vertical pressures of the slices of the arch and its load, and at the 
same scale, and then draw 13 IV ^ which gives the direction and 
amount of the total combined pressures of the arch, load, and abut- 
ment. Transferring the direction of the final pressure so as to inter- 
sect K, tlie actual point of application, we find that it will strike the 
base of the abutment at i?, which is nearer the vertical dropped 
from the centre of gravity of the abutment than half the distance 
between this vertical and the exterior face of tlie abutment, and the 
abutment may therefore be relied upon as stable under the given 
pressure. 

We must now test the second point of safety in our arch, and as- 
certain whether the j)ressure at any given joint is greater than the 
stone can be relitMl upon to resist. The greatest pressure, as we see at 
once from the diagram, is at the sjiringing line. Scaling the line 12 Wt 
which represents this pressure, we find it to measure 1140, at the 
scale of this part of the diagram. This, however, being expressed 
in terms of superficial feet, must be multiplied, to find the pressure 
which it represents, by the number of pounds which a portion of 
the wall one superficial foot in area will weigh. The wall is 16 
inches thick, and at 112 pountls per cubic foot the weight required 
will be 149 pounds. The total stress at the springing will be there- 
fore 140 X 1140 = ICOSCO pounds. The area of the joint is 36 X 16 
= 576 square inches, and the pressure will therefore average 
lC9860-f- 57G=-295 pounds, which is far within the limit of safety. 

The determination of the third point, whether the direction of 
the j)ressure at any joint is such as to cause sliding, can be only ap- 
proximately made, since the adhesion of the mortar, the roughness 
of the stone, and many other elements, will enter into the actual re- 
sult, but we may safely assume that no pressure will cause sliding 
of the stone voussoirs which is not applied at a greater angle than 
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M" willi ft norm.ll la the direction of llie joint. Our prcssurp-ciirve 
9 iliiil ilie angles of npjilicalioii of tlie tVTCse are ftll well witLin 
All limit, and we need feel no uneasiness in regard to llie Toussnirs. 
With reiipect to tlie joints of tlie abiilineni, liowever, we mnv feci 
liety. asilio direction of the prcntiure for the courses nenri'si. 
a tlis (pripging of the arch forniB an angle of somewhat more tlinn 
villi tlie vertical ; but the lulheeion of the mortar to britkworic 
■ far gmaler than to slone, anil ihu true angle of safety io corre- 
mndlngly increased, go llint if wo take the precaution a! delaying 
B removal of the centering on wLleh the arch is built until the 
■a tlie kbutment is well set, we need have no apprehension 
u ts tlia result. 

Bsving fixed upon the shape of (lie proscenium-arcb, and made 
nre of the stabilily of the abutments, we will next determine tlie 
mdmction of the roof, which is intimately connected with the dii- 
Httlon o( the wall supporling it. For the take of Bimpllcitv, we 
leldit to make the ridge of the roof level throughout, Tsrying only 
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main truss, so as to bring the surface of the roof in one plane. The 
auditorium will be covered by an ornamental roof in one span, 
and the upper portion of this will be continued, over the gallery at 
the rear, the ante-rooms on each side of the gallery being covered by 
the gallery floor. 

We will first investigate the simplest roofing, that over the stage. 
As both the large and small trusses are furnished with horizontal ties 
at the foot, they can have no tendency to spread, and therefore exert 
no thrust upon the walls ; so that we shall only need to ascertain the 
strains upon the timbers and determine the necessary sizes. This 
we will do here only for the central truss, A E F, the principle be- 
ing the same for all. 

TVe have first to find the total 

weight which the roof must sustain. 

Tlie length of the rafter A £ is by 

. , . ^ the scale 80 feet, and as the trusses 

•^ •• are spaced 1 2 feet apart from centres 

this rafter will have to sustain 1 2X30 
= 860 square feet of roofing, and 
whatever extraneous pressure there 
may be upon this area, such as that 
of snow and wind. The other raf- 
ter, A F, will have the same stress 
to bear. 

It will be best to consider first the 
vertical stress produced by the 
weight of the roof, including that 
of snow upon it, taking afterwards 
the oblique stress caused by wind. The weight of the roof itself, 
which consists simply of trusses, purlins, common rafters, boarding 
and slate, without plastering beneath it, may be taken at 15 pounds 
to the s([uare foot. If the roof were flat, or nearly so, a load of wet 
snow might occasionally be added to this, amounting to forty pounds 
per square foot as a maximum, but our roof being inclined at an an- 
gle of about 5*2° with the horizon, the snow falling upon it would slide 
off as it accumulated, and a snow load of 15 pounds to the foot may 
safely be taken as the greatest to which it will ever be subjected. 
This makes the total weight per square foot of rooBng 30 pounds, 
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il tlie rafter A E mimt iLurefure be ualciilnteil to sustain averljcal 

IS of 300 X 30 = loaoO pounds. Tlic luuii on tlie ollidr nifti-r, 

', will be llie siiinc>. making tlic wliolo vurlical prcxsuru on tlie 

a itCOO (iDuiiias. In Fisutx) 181, cx[>ress lliU wviglit by a *erii- 

I line truin A la II, ut any scultt, tay 1000 poiiaUi to the incli. 

nlri-, C, uE lliis line. As Uie trusv and ils loiul iirc kept 

1 hy Uia f^iijrpiirit on wliicli llicy rest, tlie upward fprce of tliuM 

IDIiports, or, lis wo glioulil tay, ibeir rcaolion, is just eipinl to tUa 

leight imposwl upon tlicm; or, in iho dli^rmn, ba!f llio riwf A F 

'«nd iU ImuI presses downirard witli tliu force A C, and is held up 

hy din force C A . ubilo thu weight on tint other half, A IC, ia C B, 

Mid ■■ inataincd by Jl C. 

_ We muil now miiltu anoLher divisiun o( the verlical lini; A B,to 

te Uie proportionate part of ihu whola weight borne by each 

o llic truss. Looking Qr»t at lli« ratwr A F, wu s^o that the 

L I> must Kuffvr twice a> m<K-h strain as either F or A. hc- 

tains an area of roofing exUndliig on cncli siiti' lo a point 

ween il and the next joint, wtiile A nnil F Iwin" held, 

lO hf thn opposing rafter and the olhnr liy the support at llie font, 

Ji earry only Iho portion Iwlwpi'n thorn nnd the point IinlC-way to 

, Hcucse in the digram, it A C expresses the whole ireight on A 

■rill indicate the portion borne at ¥, K I will eliow that 

D, and / C iliat upon A. Then C G will shuw, in Dir same 

U ill* strain at A upon (he other rafttrr, XE\ G E tliat upon C, 

? fi thai on E. We have now all itie dnta from which to dc- 

nln« the utrcsies on the other piiTPs of the lru«s, each of wlilcli 

a part in minaining the total lood, Bvginnin;; at liie foot F, 

lO ratter A F, we find it to be the jHiinl of application of four 

nnl forces, thu first being the reaction of thi> *iipport on wliich 

iroiisaiDiatjioInt, Indicated l>y 0^ on the strcsiiHliagrani ; 

ind bniDL; i(> own portion of the weight, shown, us wii have 

?, by A K; the third beini; an oblique prRtt^am pamin'^ drwn 

If, nnd the fourth a lioriaoniai pull from iho tla-bcani. Tlia 

^nn and amount of each of thcH! may be olitainod from tlio 

n a* follow*! Starting from C, wo pass npwanl lo A, over 

tancc which represoiils the reaction of thu support P, nnd 

t dlrtctiun of that reaetioii ; then down again tu A', over lite 

I, and in thu direction, oorrei[iundlng to ihu vhare o( the vertl- 
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cal load supported by the joint F : from K we draw a line, KD, par- 
allel with the direction of the rafter A F, of such length that another 
line, drawn from its further extremity, parallel with the direction of 
the tie-beam F E, will just meet the point C, from which we started. 
The lcn;]rth of the line KD^ according to the scale to which the dia- 
gram is drawn, will then give the number of pounds of lonji^itudinal 
stress along the rafter from D to F, and D Cwill be the tensile strain 
upon the tie-beam between F and B. 

To distinguish between the tensile and compressive strains we 
will indicate the former in the diagram by a light line, and the lat- 
ter by a heavy line as shown. 

In the same way we find the stresses upon the pieces around the 
joint D, in the middle of the rafter A F. We know already the 
stress upon the piece D F, which we found just now ioh^ K D on the 
diagram ; but as the compressive strain upon this piece, which was a 
downward push upon the joint F, is an upward push upon the joint 
D, we must now trace it in a direction reversed from that previously 
found, and starting from D on the diagram, follow it upward to K, 
From K we have another known force, the vertical load upon the 
joint D, which we ascertained at the beginning to be equal io K ly 
or twice as great as A K. Following this strain, then, downward 
to /, we have left two unknown forces, that on the upper portion of 
the rafter D A, anil on the strut D B, both of which are applied at 
D, the joint whose efjiiilibriuni we are tracing. These are found in 
the same way as before, drawing / // parallel to A D, until i/i) 
parallel to B D will close on D. II D is then the compressive strain 
on the strut, and / //that on the upper portion of the rafter, and 
both are to be indicated by heavy lines. 

The next strain to be determined is that on the kinjj-rod A B. 
We have assunie<l that the vertical i)ressures are the same on each side 
of the roof, and the stress-diagram will therefore be symmetrical, 
and G F will represent the stress on one uf)f)er rafter, and // / that 
on the other. At the joint A^ these two stresses, together with the 
vertical load I C -\- C Gy or I G and the pull of the king-rod, in- 
clude all the forces applied at that point, and starting with the 
known stresses // / and I G^ G F, symmetrical with // /, will be the 
strain on the upper rafter C A, and F //, drawn parallel with the 
king-rod, and connecting /^^and //, will represent the tensile strain 
on the king-rod. 
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Heftsuring with the scalo the forces tlius intliuated, we iliall find 
ufoUovrs: — 

eTRRSaiB FOR VERTICAL LOAD. 

Tie 6400 Ibi. Tention. 

Lower ItaFter 10300 " Compresaion. 
Upper Rafter 7000 " " 

Stnit 8600 " " 

e Itavu now to coniMer an additional »erie« of strains, — lliote 
to wintl-pre»sure. Of courie the wind may blow upon eitlier 
e of tha roof, but by cnlcuUting the etresxes duo to & presBum un 
e Me, ne sliull liavts all the data re<(uirE:d for extending it to the 

anppose the wind to blow from the loft in Figure 180. 
LI UlB general direction of wind'Oiovement is nearly horizontal, the 
D prosaure m a direction normal to the plane of tlie raftort 
ed b; it increasea as the pitch of any given roof risevi and 
linraliolo the angle which the raFtersuiakc wilhchehuriion. 
;le of tlic present roof being fi2^ it will be safe to aasume a 
n wind-prcKSure in a direction nnrmal to tliat inulinntioo of 
ds la the squnre foot, wbit-h will give as the wind-preasnre 
paHwl liy the ratier A E in Fisuri. 180, which is SO feci Ion? 
1 Ipaoeil 13 fact from the next rnfler, 30 X '3 X ■44 = 15840 
' . This, as the wind will only blow on one side at a tinii.', will 
V the total wind-preisum on the whole roof, although its dirtclion 
y be reversed. We lay ihisoiT in Figure 183 from Aio B.KL th« 
DS in the preceding dla<;rBm, AB being drawn in a 
eoUon [wrpeodiuular to the inclination of ibe left-hand raftL-r. 
I next Ihlng In to lay of! on A U the points sliowin^ tlie pru[>or- 
) ]>orllons of the pressure borne at the sovvral joints, and 
tha reactions of the supports at £ and F. We can easily see 
t, M in the case of vi^rtical pressurH, the joint C licifrs half tlie 
intliernlter, Aand E bvaringunf^piarturi-uch.wbii-h will give 
Con the iliigrain as the pressure at A, C £ aa the prossnro acG, 
it E< To find the reactions of the supports we must non- 
ir that the leuilenoy of ihe ohlliiue force of tlia wind on thi- whole 
t, A R F in Fisnre 180, is to turn It about the {lolnl E, with a 
which will be pmporLionnl to iliti diatance from K of C, 
ft/Uiix (i iha centra of tlio rafter, and forms the point at which tho 
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pressare, uniformly distributed over the roof-surface, may be as- 
sumed to be concentrated. We can see that the support F wHl, 

vriih this particu- 
lar form of roof, 
be most severely 
strained, aud tbe 
exact proportion 
between tiie loads 
borne by each sup- 
port can be readily 
found by drawing 
from C a line per- 
pendicular to tbe 
rafter A E, and 
strikinnr the 

straight line con- 
Pjg. 182. nectinjT the points 

of support at 1 ; then measuring the distances 1 F and 1 E, which will 
give, itwersely, the relative pressures borne by F and E. In this case 
1 F is i of the whole distance E F, and 1 E is § of the same, from which 
we infer that F bears § of the wind-pressure, and E only ^. Apply- 
ing this to Figure 182, we divide A B by the point />, at J the dis- 
tance from B to A. Then B D will represent the reaction of the 
support E, and D A that of the support F. Beginning with the 
joint E of Figure 180 we trace the stresses in the same way as be- 
fore with vertical strains. From E on the diagram wo pass down 
to B for the direct pressure, then upward to D for the reaction of 
the support E, then horizontally to G for the tension on the tie- 
beam, and down, parallel with the rafter, to Ej the point of begin- 
ninjTt for the comuressivc straiu on the rafter at its foot. 

To find the strains at the joint C, in the middle of the rafter, we 
start at C in the diagram and pass downward to E for the propor- 
tion of the wind-pressure borne at C, then up to G for the reaction 
of the lower portion of the rafter, then upward, parallel with the 
direction of the strut, to Fy until a line drawn downward from F^ 
parallel with the upper portion of the rafter, will close on C, the 
point of beginning. This will give us the stress due to wind upon 
each portion of the rafter, the strut, and the portion of the tie-beam 
nearest the wind, as follows, scaling them from the diagram. 



BUn-mXO SUPEIUSTETJDENCE. 



STSEesBB FOH WlKD-piteasURE. WIND LEFT. 
Leri-Hanil Part ot Tk 1800 )bi. Tension. 
LeJt I^wer Uader 900 " CompresEion. 

" Ujipcr Raflcr 8300 " " 

Lctl-llaad Strut 8300 '■ *' 



All thete fiiresgc« woi 
I of the winil. 

There are slill oilier 
truM, but llie rvorltr • 



ilil be n 



r^ell hy a clmogB in tlie direction 



o l>e founil on tlip otlicr [lieces of the 
V linUli Iliu iliHgrnm fur Ijimsplf. It 
o say tliat tlie ne.it point to l>e invcsligatcil is tliat at A in 
), then D, ami tlien F, nn<l finally, iho inveclignlion o( B 
ta flxt-k llie correct ni.'«s of tlic otbcrs. It wilt bo fonnil 
that iho »tput B D ruci-ives no stress of any kind from wlnd-presjuro 
on llm oppuiiito side ; that the portion B F ul tlic lic-bcam sulTcrs a 
eOBtpnuthe itrnln nf about 3300 |>oundii tliat ilic rafter A F is 
, eqaallj' atrnined lUrouglitiiit its whole lenglli with a comprOBsivo forcu 
|-of ftbont 8000 poll nds, and the l[iD-;-rod A D is subjected to a teniilo 
} :itr«n iif 6,500 ponnds 

A» tlw tic-lieam E F is straineil by lonxion, to the nniount of 1800 
I poaadii,Bt onp end, and by a compreition of SSOOpmindsat the other, 
i Itwonldfccm that lh<! net eifcclof tlic pressure would be a compri'saiTO 
• eqnivalent to the difference between the two, or 1500 imunds, 
[ Thi*, Ii, liDwurer, an unfufe iufereneu, the two kinds of (treEses 
I kethig to a cerialu ozteot tioparalely, Inalead of noutralixing eadi 
k OtIWi «o tliot the prudent method is to lake lite Urgent amoual of 
It of tlio principal kind, wilhout dednclion for tlie nculrilixing 
h affect of ihti nppoMng, but inferior forces. In the cnse of tbo 
I raficri, which are all strained in the same way, hut of whicli we find 
I itat tlte one away tram tiae wind is ilic must strained, we will pro- 
I Thle fur reKinLin;; tliu greutcr iirenr, which will make ub safe against 
I tLe temr une< This will give u]> » corrf>cted inblu of wlnd-pr«sf<iire 
( StralDa, which we will p1nco side by tiilci wiik those due lo vertical 
I, adding tliem together to find the sums which will give ii* 
ttrcri acting along each pieeo which tliat piece nuit be cal- 
t bear safely. Fur shortness we will mark tension a« — 
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Stbemei osr TitUBfl.— VerUcal Load amd WUtd-Preuwrt, 



Fieot. 



Tie, E F, (Fig. 180.) 

King-Rod, AB 

Eftch Lower Rafter, C £, I> F. 
Kach Upper Rafter, A C, A D. 
Each Strut, BO, DD 



VertiaULMid. 
lb*. 



WtBd-Fnwara. 

llM. 



TotA 
lb*. 



— 6,400 — l.ftM — 8,200 

— 6.(100 — OOMW — ISJtOO 
-f 10,900 -4- 8,000 +18.900 
-f 7,000 4- 6,000 4-lA>fW0 
+ 8,600 + 8,300 +11,900 

We can now obtain tlie sixes of tbe timbers and rods wbicli will 
safelv FU8tain tliese stressies. 

The tie-beam, £ F, suffers a tensile strain of 8200 pounds. The 
safe tensile strength of spruce timber, which we suppose to be the 
material of the truss, should not, for such a roof, be taken at more 
than 1000 pounds to tlie S({uare inch, and a timber of 8.8 square 
inches sectional area, or about 2" x 4", would give the resistance 
required. 

Then^ is, however, anotlicr consideration which enters into the 
calculation of tlie size of the tie-beam. Not only does it keep the 
feet of the rafters of the truss from spreading, but, in virtue of its 
horizontal position, it is also a beam, or rather a pair of beams, each 
having a span e(|ual to the distance from the king-rod to the wall- 
plate, about 20 feet, and burdened with its own weighty which tends 
to break it by a transverse strain. This strain is entirely indepen- 
dent of the longitudinal stress along the timber, and must be pro- 
videil against separately, by incrt^asing the size of the timber, so as 
to give additional fibres for resisting the bending strain, which those 
fibres engaged in tensile resistance to the longitudinal stress cannot 
deal witli. We will try, therefore, a S" x 4" timber in place of 
2" X 4", and see if it gives us strength to meet all the stresses, 
transverse as well as longitudinal. Supposing 2" x 4" of this to be 
occupied in resisting the direct tensile force, we shall have remain- 
ing a l)cam 1" x 4", 20 feet long, which must sustain the weight of 
the entire timber, S" x 4" x 20'', which, at 45 pounds to the cubic 
foot, will be 75 pounds, uniformly distributed over the beam. 

The sim])lest formula for transverse strength of rectangular beams 
16 — — ;— = W in whicli 

b is breadth of beam in inches. 
£/ is depth " " " " 

C id a constant, which for spruce is 460. 
9 is the factor of safety, which should be 0. 
L is the length of the beam in feet. 

\V is the safe centre load. 




Appliing tbis, and raneiubering ihat the di«tribut«d load may be 
vitti Mfety twice as great bs lliu centre load, we ahati liave 
— =: 120 pounds safe diilributeU load. As tbe ir«igtjt 
d tlio tiiuU.-r ia only 79 pounds, no liavulieroasurpliis of trangvorse 
li of about GO j>er cent, bin iL U liarilly worlb nhile u> make 
e Mi(;k any biquIIlt. In foci, wooden ilu-beania are orUinurily 
latle of fikf gTL-aler dimensions lliiui [liii', and witb reason, for tlioy 
tt very liable Id be uh.i1 fur BUiijiorting tbe welgbt of partiiio&i 
r above of below, or are subji'Cled to otber extraneous trans- 
is wliiuli llivy are less able to resist tlian otiicr bunmt, 
wbiclt liave no special work of tbeir own to do, nbilc Lbeir strengtU 
b further impaired b/ tbe laortisei by wbiub lliu rafters nnd king- 
il are framed into tbcm. Tbo king-ro>I, A B, is of wrou^bi-iron, 
1 mduroN a simple tensile sir«s9 of 12500 pounds. Tbe usual 
iualc (or lliu safe tensile sirengtii of wroiigbi-iron U 10000 pound* 
r sr}UBrc inch, and as tbo nreu of a circle is .rS54 nf itiut of tbe 

■ p|DM'B in wbicb it is inscribed, tbe diunipicr of a round rod to bold 

■ ■afely 12300 pounds will be '^j__M!!!L_ =^1.50 = 1.20. or about 
:bes. 
B upper and Inner rafterH and llie >.L'nlB are all subjected to 

mpmuion, and llwir dimensions will be found \ty tbe foriutilns fur 
'en columns. Taking llie lower rafters lirst, witb a stress of 
) ]K)unils, we DIM}', as ibey are only about 1& feet \i>n^, lake 
ompri'iDiivo strain wbicb they will bear safely in tbo dirrclion 
)C tbeir length at 400 jionnds per square ineb of sectional area. To 
[i IHSOO jKiunds will tbereforobe required a timber of 46 square 
IB toutiaoal area, and we way u»e a stick 4" xl !",£■'' X 10",orO"x 
H may be mu*t convenient. As in tbe case of ibe lit-buiini, a 
1 farplus of strength must be roservoil to rexist ibe transverse 
I due (u tbo weight of the rafter Itself, which tends to benil It 
krd, but tbe slight excess of these dimensions over tbosu strictly 
Mary will be sufTicient for tbe purpose. If, hownver, a purlin 
M I* often tbe case, bearing directly on llie rafler, mid* 
f between it* fof>t and the strut, a very important transverse 
Oiiual to tbe wiiid-prvBEure on a jiorliuu of the roof TJ feet 
a and IS feet long, lugvlber with tbe coni]ionetit tionuul to tlie 
n ot tUi: ratter of llie veriiial pressiiro due lo the wi-lBUt o( 
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the same portion of tlie roof and its load of snow, amounting in all 
to about 6000 pounds, would have to be resisted hy the rafter, acting 
as a beam loaded at the centre, in addition to the compressive stress 
acting in the direction of its length, and its dimensions would need 
to be increased accordingly. 

The same observations apply to the upper rafter, and even to the 
strut, in some instances, but if we are sure that we will not forget 
this caution in case of need, we may, for the present, continue to 
study our truss as it is intended to be built, without transverse strains 
on any of the pieces except those due to their own weight. The 
upper rafier, having to sustain a compressive strain of 15000 pounds 
will then need, by the same rule, a sectional area of 37^ square 
inches, and a 4" x 10", 5" x 8" or 6" x 7" stick wouhl give the re- 
quired strength with a surplus for resisting the transverse strain of 
its own weight. The strut, which sustains 11900 pounils, may be 4" 
x 8" or 6" X 6". This completes the schedule of timbers for the 
trusses over the stage. 

The trusses over the auditorium and gallery require to be sub- 
mitted to similar proc- 
esses, which it is un- 
necessary to describe 
at length. The for- 
mer, however, as 
shown in Figure 183, 
not being tied at the 
foot of the rafters, ex- 
erts a thrust upon the 
walls at each side, 
which would certainly 
overturn them if not 
counteracted, and in 
order to be able to 
* provide the necessary 
resistance we must 
know the direction 
Pig, Ig3^ and amount of the 

thrust. A glance at the diagram shows that the truss really consists 
of three portions, the upper part, A £ F, forming a rigid frame. 
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Wting upon two oilier frames, E K M I B and II F L N J, llie lailer 
ire inuliand inward from tliu wall, nnil 
d [o push it oatwAriJ at ilieir foot, fiijil, dhte- 
"Ing ibe various piecea composing ilieie in- 
il [rum;), wliicli terve priiicipnlly oi brace* 
ist deformation by wlnd-prcssun', wo may 
dcr euuli ne equlvalont In h bLii^Ic elrai^tic 
iT, or iiivliued uolumu. nvling as (Ijowd by 
e <IoUed lines E it and F N. It is pasy U 
iriftiD tlic thrust at the foot of thia column, by ^ 
SoS 4 B ill Ki^ire 184, er|na1, by any re>^ 
(ptind scale, to the verticHl preisura an " 
that ii, to half the wvight oa the tru!» E A F; 
then drawiin A C oa the diagram, paralli'l it 
'tU.»miaC hurizontally interst^ctiiig A C 
\tC,BC will thvn Bhow by tlie scale the hot^ 
lonlal uiitward tkrual oa thu wall at tho {loin' 
I<iBFl2-IS3> This truing oavurtHined we 
It DOW IJad the sha|>H and sire of buttreet, 
tf uiy, irliicli In nec«saary to keep the walls 
n being puslied over by tlic ihruBt. Wo X 
t do ilii* grapliicaliy. as follow* : — 
[ &e»hle lliu diagram fur thrust in Figun 
t draw a K'jtion uf the wall. The scale 
if ttiia teuliun, which i> in a certain number 
I feet to an Inch, has nothing to du with 
Initsf tha stress-diagram, which is in [lountls 
|o mn inch, nnd any scale mny be useil. Fix 
! position of the Mclinn so (hat, by its 
Kale, the point C, whiRh ri^prcsonis the {Jaca 
of application of the inclined force of ibe 
sr part of the truta, suppowd to rest 
n n corbel projecting from tlio wall, will 
«a« at the i>ropcr distance from the wall- 
lOil draw a line at J', representing 
lie Hcale tbe fluor-line, wbicli, if ibe 
U t* 8Bchi.red lo llie timbers ot the floor, 
1 ba tfao point ftboiit which it would 
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revolve in overturning. Next find the weight of a portion of wall e±- 
tending from the floor-line up to K in Figare 188, and equal in width 
to the space between the windows, which we suppose Xc ^ five feet. 
Add to tills the actual weight of the portion of the root »i.j*f -^rted 
by K £, Figure 1 83, not including any allowance for snow or winu. 
The turn will give the vertical pressure which combines with the ob- 
lique pressure £ ^I to change its direction in its passage through 
the wall. Laying off now this vertical pressure downward from C, 
in the diagram of Figure 184, to the same scale of i)ounds as the 
other pressures, we find that it extends to D, Draw now A 2), 
which will give the direction and amount of the total combined 
pressures at the floor-line, and X F, drawn parallel to A D from A', 
the point where A C prolonged strikes the plane of the centre of 
gravity of the wall, will give at Y the actual position of the inter- 
section of this modified pressure-line with the base-Jinc of (he mov- 
able portion of the wall. The point F falls outside of the wall, 
showing that its unassisted stability is not equal to the oblique press- 
ure upon it, and that it will be overturned. 

There are three ways of adding to the wall the requisite support. 
The most obvious of these is the addition of exterior buttresses, the 
weight of which will serve to deflect the pressure-line more directly 
downward, at the same time that their position will improve the sta- 
bility of the wall by removing the point about which the pier must 
revolve, in order to overturn, beyond the intersection of the press- 
ure-line with the base. The second resource is the construction of 
interior buttresses, the weight of which will also serve to deflect the 
pressure-line to a direction more nearly vertical, at the same time 
removinj; the point C, in Figure 184, horizontally away from the 
wall, until the point Y is brought within the base. The third metho<l 
consists in piling up masonry in the form of pinnacles above the 
wall at the proper places, increasing by their weight the vertical 
component of the total pressure, until the line falls within the base 
of the wall, with little or no help from buttresses, either exterior or 
interior. This would be not only a perfectly legitimate and safe 
construction, but perhaps the most economical of an}-, since the 
weight of all the masonry extraneous to the wall itself would be applied 
in increasing the stability of the pier, while buttresses, cither inte- 
rior or exterior, must be continued to the ground, although the portion 
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below ttio (loor-linp, roiiuli llie liirgBBt ]>Rrt o( llie wlmle, serves 
I ojt\y &■ a RupiMirt, witbuut mtiling anyUiing to ibe eU- 
[fciliCf of llie wall nbove [lia (loflr line. Tliere would probnbly be, 
'ever, some obicction on t lie part oE tlie building comnUt^e to 
I fta uinmuiil uoniitruciioii, ami as we bnTe oursel*e« ■ome fear 
; niBMVs of inoir tUiluig dawn llie roof niiglit push die pinDavlea 
<titb ilisiiolrous reBiilU. we will abnudon llie iJea of employing 
fiia iDHibud. Of Lbe two otbcrs, tbat of iosiile buttressing scenia llie 
i4ai]B|><oi] Id ibc t i renin II nnccB, a>llie projection of tbe butireraes 
roulj obstruct tlie tSite aislus of llie ball. If tbe room were planned 
iritb iug,\t wnlU and flat ceiling, the aeouftic advantage of these 
projeetions would be iulRcientlj- important to outweigh tbt objection 
10 tlwin an ubalrucliynB, but in lli« present case tbe shape of tbe roof, 
iH from whii'h wuiitil bo brokvu up anil dissipated bv tbe 
Hl-«ork of trusses and tbe regular auucession of braces ipringinj 
1 tlie corbeU, whieli would joiercept the waveB of sound con- 
ig, as well as re- 
acted from the walls, give 
'■11 tlia security against un- 
pleaiant rcvcrbvralion wliicli 
Oould be obtained by interior 
Brujectiuns, and it will be best 
^D Otber aecuunts to avoid 
n by placing the bnttress- 
H OB till? outside. 
[_ Wd will first mnlie trial of 
y buttrcs* of ihv nbnpe and 
MM lliown ill elevation in 
vlgnre ISS, and in plan m 
rlgnre ISG. Finding firFt 
S weight of the butfresa 
rotn tbe fluur-linc to tlic top, 
« add this to ihe weight of 

,s » part ut tlm vet- „^ ,„^ 

ht\ torcein Figure 181, where it Is represented by DE, CD rep. 

Utng tbe weight of tlie wall exclusive of tlic biiltrets. Tbo 

^boU vertical force will tberefurii now bu C E, ond A C, the oUiqiiB 

Bit of tbo truss, remaining (he f auei tbe new resultant force will 
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be represented, in direction and amount, by A E, If then, we draw 
a line, parallel to this new resultant, from the point where the line 
of thrust intersects the plane of the centre of gravity of the pier 
and buttress combined, to the floor, or base line, we shall at once 
see whether the whole will be stable. 

The first step in this process is to find the position of the centre 
of gravity of the pier and buttress. In the plan of the pier with its 
buttress, Figure 187, find the centre of figure of each portion sepa- 
rately, by drawing the diagonals of the parallelogram formed by 

each. Join these centres by the line A 
B. The centre of gravity of the whole 
figure will then lie on the lino A ^, at a 
point which must divide A B into por- 
tions inversely i)roportion.il to the areas 
:of the parallelograms in which its ends 
Fig. 187. respectively lie. The area of the paral- 

lelogram representing the wall is 5 X li = 6§ square feel; that of the 
parallelogram representing the buttress is 2X13 = 3^ square feet. 
Three and one-third is just one-half of six and two-thirds, so that the 
point C, which divides the line A B lit one-thinlof its length from E, 
will show the centre of gravity of the complete figure, and if 
the pier and the buttress are of the same material, and carried 
to the same hcijiht, it will lie in the line of the centre of grav- 
ity of the whole mass. For our purposes we can assume that 
this is the case, and that C lies in the plane of the actual centre of 
gravity. We then find the corresponding point in Figure 185 by 
transferring its distance from the inside of the wall with the dividers, 
and draw a vertical line throuuh it as shown. The line of the 
thrust of the roof, prolonged downward from the corbel, will inter- 
sect this new line of the centre of gravity at A", and X F, drawn 
from X parallel to ^ J^ in Fij^ure 184, will show the line of the re- 
sultant pressure due to the influence upon the thrust of the weight of 
the pier and buttress. This line will strike the floor, or base-line of 
the movable portion of the wall, at y, and as this point fulfils the 
condition of being nearer to the vertical line drawn through the cen- 
tre of gravity than it is to the exterior of the mass, the pier and 
buttress, if well anchored at the floor-line, will safely resist the effort 
of the thrust of the roof to overturn them. 
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we Bee in Figure 188, bt'ing iupported 
ritb suitable brocet] ginlera ruimin<; back 



bx {Mwtd nt M and N, 
iromEI an<\ F J, lo 
cur; tlia trusit inter- 
im inedUUj bviwoun the 
a ilMwn in ilie fig- 
[< xn Mtl Itie end waII, 
Kresolvea itself almiily 
P'inio tUu cn«c of iliat 
gi-, whieli 
I ireliavetklruadylnre»- 
r ttgaiej; ilio curveil 
r brtces n I mid B /•• 
L'being added int'reljr 
~ r omaoicnl, auU to 
irrtspond with tlie 
lin roof. W'e bnve 
>ir odIv to calculate 
IS DOceatitr}' «ixc for 
laporliu, wkifilivo 
trirtnally bosms 12 fii.ibb. 

l.iMlitilcnglb, liaving a clear epan equal to iliia distance less G indio, 
B-tba wiJtl) of the princiiial rafter, aail lubjoctod to a distribulEil 
■ innivctM (tresn, due to tlieir own weight, ibe wiright o! tliu [lorliun 
f'tt root wliich rests upon tlicni, with an occailonal wlnd-iirci»im 
o(4t jiouDcli to the njuaru fuut; and the sizes of tijo cohiidud 
fnftar*, whk-b are alio inuliiied beami', of a leugih equal to the dis- 
« betwcvD iho imrlin*. aiiU subjected to a dislribiilcd tran>vcr*e 
l,iIuB tolliiflromi weigbtj with the weight and wind-pressure 
a pariion of roof wblch each carries. The purlins tbould 
'ty square in section, and each supports the strain of a [loi^ 
if roof 11^ feet long, and oF a wiilib equal to the dintanca be- 
Dli'v and the centre of the next one, which In this case 
ll 10 (eel. We have previuuily ustimaled the vurlival loail, iuclud- 
g wti^\n o( BDuw, on each square fuot o( tlie roof-surface to be 30 
dJs, whiulk would here be equivalent lo a pressure, normal to the 
woflhe roofiof 19 pounds. To tills iniii>l be added tlie max!* 
1 «ind-prG*siire, which we fonml to be 44 pouodi, making 63 
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pounds per square foot as the total transverse pressure. The purliu 
sustains 15 X 11^ = 1 72^ square feet, so that the stress upon it will 
be 172^ X 68= 10868 pounds. Its own weight will be, at the ot- 
mosty 500 pounds, and over the auditorium the underside of the com- 
mon rafters will be lathed and plastered, adding a weight of about 
10 pounds per square foot, or 1725 pounds upon the whole space 
sustained by each purlin. This, as well as the weight of the purlin 
itself, being a vertical pressure, of which a portion is transmitted 
down the rafters, while only the component normal to the roof-plane 
exerts a stress upon the purlin, we can find the normal pressure cor- 
responding to the vertical weight of 2225 pounds either graphi- 
cally or by applying the proportion of 80: 19, which we have just 
ascertained to represent the same relation in the case of the weight 
of roofing and snow. This would give 80:19 = 2225:1409. Add- 
ing this to the others, we obtain 10868 -|- 1409 = 12277 pounds as 
the measure of the distributed transverse stress upon the purlin. 
This is a severe stress for a timber 11 J feet long, and we shall do 
well to employ Southern pine for the purlins, instead of spruce, on 
account of its superior stiffness. Using the formula before em- 
ployed in calculating the tie-beam, ^^ = W, we shall have here : 
' IF =12277 

s =6 

Z = 11J 

C=550, the constant for Southern pine, as 450 is for spruce. 

6 and d are both unknown. 
Instead of transposing the formula, it is often less trouble to 
assume certain dimensions, and try whether they fulfil the required 
conditions of strength. In this case we will try whether a 10" x 10" 
stick will do. Substituting these dimensions for b and d in the for- 
mula, and remembering that the weight, 12277 pounds, being dis- 
tributed uniformly along the purlin, exerts only half as much break- 
ing stress as if it were concentrated at the centre, we shall have 
— ^6xhi — ^^^ 15942 pounds, as the distributed weight which will 
be safely borne by the timber. This is greater than we need, and 
we will try an 8" x 10", which we find to be capable of supporting 
safely 12754 pounds, or a little more than the given weight, so we 
adopt these dimensions. 
The rafters are last to be considered. The steady stress upon 
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ti of these, confuting o( tlie simple welgbt of llie portion oE I 

B roof witL its load of snow resting on it, acis vcriJeiillj-, nod I 

« Inclinalion o( llie rufler lieing o1j]ir[ii*> to ibis verlicfti furi-Ci it it 

o rcaolve the single Biress ilue to tlic weiglii inro Iwo, one 

fat wliiirli will ni't in n direction normnl lo ihi- inclinaiion of ilie 

Mfler. fomiinv a rraiigriTK eintiu of llir orOintir]' kind, nliile tiie 

S nlong tlio rafter by comprCBeion, nod i» lo Lp ri'siited by j 

« nifl«r acting at a colunjn. Tlie cU-ar span of eaoli rafter, from 

itrlio to purlin, is 19 r<^ei, less 8 incLes, ilw viiilih of llie purlin, and 

la tlie rnfters are fpnecil 16 inclies from centres, each carries a por- 

n of the roof 14} X 1 j fi'i't in area. Tlie weight upon ihiii, iiv- 

•lading that of the rativr itai-lf, ilio rocling boards and tlnlcK (he 

li and plaster tinderneath, and a pottsihle loud oFsnow, will he 14 j 

' li X 40 :i= TC4 pounds. Drawing n vertical lino re pre anting 

M wriglit, ol any scale, wo make it one side of n triangle, of which 

« Other two Fldtrs aru drawn retpvclivcly parallel lo tlie direction 

f lliD rafier, nnd at right angles to it. Th« length of these two 

itden, meamired at the lame scale, will give the couiponeiils of the 

re, which ncl along the rafter and trnnsrcrFtly lo it. 

■ We thftll find the iraneverse component to be about 455 ponnds, and 

ftllie other, acting; to comprcM the raFlvr, about GOO poiindf. At 400 

V|tonniii per Mjnaru inch, the sectional area of the rafter, acting as a 

Itimn, rcqnlred to resist this eiress would bo 1} ri|nare inches, and 

t ilimcntinns needed to rosiec the trantversc itrain mmi he added 

^to tlita. Tti« transvorie component of the simple weight of roof and 

e jiiat nam to be 450 pounds. To this must lie added the 

Vlnd'presiiirr, whldi U a direct transverse strain, Amoiinllng, by our 

lprevions<titimaie,ia44 poundsper*i|irarefc>ot,orl4|Xl jX44=Slt 

*s area iupporle<] by each single rafter. Adding 

« two results together, we have 465 -f 841= 1198 ponnds at the 

^strjtnited tranitvorre prcisuro on the raftar. By the formula prc- 

1*1/ employed, assuiuing the rn/iers to bo of spruce, iv)tl< a valne 

t Cot 400, wo find llint 3" x 7" limbers will give a rcMxtanm of 

QHO poaoda; and sttppOAlng 1} i<]uaro inches of the sectional area. 

mprising a aliL-e \" wide by the depth of the rafter, to be <ic-cupied 

D reslittng llie lonijituiliDnl stress, we rhall have remaining a pi«i:!« 

' X T"ji wliute strength, aroording lo the fi:>rniob, will ba 

- ^ HSfl {KiundB. Th!g Is larger than we need, but 
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t)ie difference is so unimportant iLat we need not regard it, and we 
adopt this as the proper scantling. 

We now know the necessary sizes of timbers, and form of piers 
and buttresses, for carrying out our provisional sketch of the build- 
ing into definite drawings, and we proceed to lay out our floor-plans 
and elevations, continuing, after these are well studied, to construct 
a foundation-plan in accordance with them. The elevation may 
be first taken up, as upon this will in a great degree depend the 
details of the completed plan. 

We have seen, from the investigation just made, that the walls of 
the central portion of the building, which support a hammer-beam 
roof, will need to be buttressed, to support the tendency of the roof 
to spread, while those of the portions containing the stage and gal- 
lery, being covered by roofs which are tied at the feet of tlie rafters, 
and therefore have no lateral pressure, do not require buttresses. 
Our calculations have shown that buttresses 20 inches wide on the 
face, and projecting two feet, will fulfil the conditions of stability, 
but if the effect or the proportion should require it, we need not hesi- 
tate to vary from these dimensions, only assuring ourselves, in case 
of doubt, that the new form will be equally suited to resist the thrust 
of the roof. The projection of the buttresses on the middle portion 
of the facade will give it a marked character, heightened by the long 
side windows of the central hall, which are not needed, and are 
rather in the way, in the stage and gallery portions ; and to differen- 
tiate still further the middle of the building from the ends, we will 
carry up a low parapet over the windows of the hall, behind which 
a wide and deep gutter can be formed to keep the drip from the 
eaves away from the central doorway. The corresponding portion 
of the ridge may also be distinguished by a cresting of metal or 
terra-cotta, and the three-fold division of the interior thus "accused" 
upon the exterior, without interrupting that uniformity of the roof- 
surfaces which we think desirable. 

The buttresses of the middle portion of the walls must obviously 
be supported from below, and will appear in the first story as piers. 
The curtain wall which connects them in the second story need not, 
however, be prolonged to the ground, if there is any other way of 
supporting it, but may have its position transposed in the first story, 
if we desire. As some of the smaller offices in the first story and 
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iiiipy but one buy o( tbe fajade, we can save twenty 
1 tbetn, besides improving iLe effect of [jje (rent, 
witbuut ad'ling (o itc com, by Ailnpt ing ibis disposition, sii<I transfer- 
I rin; tha curtain wnll, or "wnll-veil," as Eonie persons prefer lo say, 
I In tLo Hret story lo tliu exterior instead of the interior line of tbe 
buttrueses. TIlis will laJce 
away the support from be- 
neath the small portions of 
the upper wall between 
tbe buttresses and tlie win- 
dow openings, and under 
I I p. the windows themselves, lo 

I I T^^ U II "* "'" ''*"* ^"' Mgmenliil 

I T"**^^T (1 arch«s turned in ihosa 






Ljitacei) which will show just under llie coilin;:" of the (irsMtory 
Erootna, bill will bo out o( the way. The intcrool whioh will bo left 
«en thu liip of the fint-«tory wall and the silla of the »eo- 
liCnul-itorf wln<lowH «« will tri^nt as series of smnll bakunlei, accesil- 
mih from the wlndowa, with itonc Raw, and % parapet wall. ThI* 
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balcony wall will stop at one end against the staircase tower, and 
may be prolonged at the other end so as to form a kind of shallow 
porch over the side doorway, with a narrow balcony on top, fur- 
nished with a door opening from the room under the gallery; all of 
which will help to break up and make interesting a front otherwise 
somewhat monotonous. 

We shall find some diiliculty in preventing the tower from looking 
like the steeple of a church, which the building already resembles 
rather more than we wish, but we will see if that unfailing resource 
of the architectural designer, the expression on the exterior of the 
building of the distribution and uses of the interior, may not help us. 
Hemembering that a portion of the tower, which contains the stair- 
case leading to all the upper portions of the building, must be re- 
served as a ventilating shaft, to carry the foul air from the different 
portions of the building, we will "accuse" the shaft by making it 
project four inches from the general surface of the lower wall, above 
the first story, and will give it a special termination at the top. AVe 
shall need, for the best results, a shaft of something like sixty square 
feet sectional area, and this can be obtained in the manner indicated. 
The offset of four inches which would naturally be made in the 
tower wall about at the second-story floor we will make on the out- 
side instead of the inside, thus giving it an air of greater apparent 
stabilltv bv the enlargement of the base. The outside of the wall of 
the ventilating shaft may be made continuous with that below, while 
the change in thickness of the other portion may be emphasized by 
phicin^jC at that point a balcony, supported by stone corbelling, which 
will serve to shelter the stage entrance to the hall, and will always 
be useful, at times of public demonstrations, to tlie guests of the 
town oflQcers, who will obtain access to it by a door. The top of 
the tower would naturally be used to some extent as a lookout, and 
a bell would probably be hung there, so that the flat platform with 
parapet, and wooden belfry a little in retreat, will serve both pur- 
poses. To complete the exterior features we should add a ventilating; 
turret over the middle of the roof, which will be in<lispensablc in hot 
weather, to withdraw rapidly the air just under the roofing, which 
is intensely heated by the sun on the slates, before it can diffuse 
itself into the atmosphere below, and two chimneys will be necessa- 
ry, which can conveniently be placed in the w^alls of the end gables. 
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Tlie elevation of the opposite side will be Bubsiantially Ibe eanie 

> tbe from, wiih tbe exception of the to«er and doorwayt, and tlie 

111 walls will be pierced only with a few nindoirt. 

Before wo van G.t ibe weigbls upon lUa different portions of tbe 
iDuadation, wLich will determine tbe spread of tbe footiogs and ibe 
nnnibar of pilet tinder tbeu, it will be ueueesEU-y to fix definitely 
tbd Uiicknesa of tbe walls. For tbe front, aioce tlie piers between tbe 
vindowB are tomewbat slender, we have already decided to moke 

16 inches thick, adding llie projection of the buttresses to this, 
M iJiiB wall is well tied by the lloor-beanis wbiob rest in it, the 

le thickness, IS inches, will be lufficient for the portions at tbe 
which have no biiltresaes. 

le gable walls are under very different conilitioos, b6ing much 

;Iier than tlio others. TLe lower portion, bencalb tbe stage and 

kllm'y floors, is diglitly steadied by tbe interior partition-nnlls, ' 

o be wull anchored to it; but above this floor tbu wall 

ids fi'te to the rcif. Aa the root cannot well bo tied very 

ingly to the gable walls, it will lie safest to rt'gard these as un- 

'ted above tlio ground floor, and to give tbem tbe tbicknesa 

for iailopendent stability. This can be readily olculated 

eIm'b empirical rule. Laying off tbe height of the wall 

tliQ ground, at any scale upon a vertical line, we set off Lori- 

lolally from tbe foot of ibo vertical, at the same scale, the ilistonce 

reen llie crosi-walls or other supports which bound the wall 

N ibicknexs we wish lo determine. Connecting first the ex* 

illy of tbe liorisonlal line, by a diagonal, with the top of (be vei^ 

lino, wa Ibon divide ibo vertical line into twelve equal parts, 

with one of these parts as a radius, describe an arc from the 

of tbe vertical line, cutting the diagonal, and from tbe iniersac- 

! this are with the diagonal let fall a socood vertieal line. Tbe 

between llie two vortieal Hoes, at the scale of tbe diagrain, 

ipreimnt tlie necessary Iliickness of ilio wall. 

1 onr ease the gable is 9G feet lilgli from the second floor to the 
I. and TO feet wide botwcrn the supporting return- wal 1 • ; and 

■tying ilie rnlu we find tbe Uiickncu neceSHary to atabiUly le be 
It 4 feet. 

it obvious thai althougb this maybe tbe proper ibicknessof the 
ftt tbe foot, some economy may be made Id ibe uppor jwrtioD 
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without (liminisliiDg the stability of the mass, since the lowering of 
the centre of gravity will compensate for the loss of weight. If the 
wall were rectangular, it might, by successive offsets, be reduced 
from four feet to sixteen, or even twelve inches, at the top, but the 
peak of a gable is less solid and steady than the corresponding por- 
tion of a rectangular wall, and we shall do best not to reduce it 
below twenty inches in thickness. It is quite possible that a smaller 
amount of material might be so distributed, by means of buttresses, as 
to give the stability needed, but this, we suppose, would involve in 
our case certain objectionable conditions, so we accept the result of 
our calculation, and draw the section of the wall in accordance with 
it, making the average thickness 84 inches. The tower walls are 
next to bo considered. These are strongly held by the return walls, 
which tie them back in such a way that it would be almost impossi- 
ble for them to fall over, so that it is hardly necessary to give them 
more than the thickness required for resisting the crushing strain 
due to their own weight. The walls being 134 feet high, the Ron- 
delet diagram j:jives for them a thickness of 20 inches, which is un- 
questionably suflicient,but public opinion, for some reason, generally 
demands the thickest walls for towers, which need them least, and 
in deference to this, as expressed by our committee, we will make 
the lower portion 28 inches thick, diminishing the upper part by 
two offsets to 16 inches, as a compensation for the excess of material 
used below. This, while improving the appearance of the building, 
will really be judicious as a matter of construction, inasmuch as a 
solid brick wall 134 feet high, and 20 inches thick, although under 
the circumstances perfectly stable, would be subjected to a crushing 
strain at the base of 7J tons to the scpiare foot, which would be in- 
creased again upon the piers at either side of the doorway by the 
arch, which throws upon them the weight of the mass above it, to 
about 12J tons, and to this weight again might be added a farther 
strain due to the action of wind on one side or the other, amountinji 
possibly to 10 or 12 tons more. This would give a stress which or- 
dinary brickwork could not with perfect safety be trusted to bear, 
but the increase of the mass at the lower part of the tower, with the 
lightening of the upper walls, will relieve us of all anxiety upon this 
point. 

The variations in the thickness of the masonry will be made at 
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I Bomewliat irregular beigtii*, lo suit the exigencies of ilie opcnicgi 
I wid the TQDiilatlng aliftft, but n little «!uily of tlie Bei'lion will give 
an, we Buppoae, an nventge tliickuess of 2S incliee. 

The interior wbUb. with ilie cxc-^ption of that forming the abut- 
meot, opinmio the lower, of tl>e proweniuia Hn.'h, vhiuU will have 
i Iho srcli, nre not of grenl heiglil, and are 
bcaiu9, £0 that H inches will be Eufficlcnt for 



a tliickneM t 
I' ■lOtilieJ b^ tliu ([dov 



\ then. 

r ileriniiive pinna of the severnl slorirs, ihe 
I' horizonttil xcttion of tlio cxierior walls being Ji^ternilnucl. Figure 
T 190 shows [lie plan of [he first story, and Figure 101 of the seconil 
I elorj-. The walls in ihc llr^t slory are subslanlially 




A of tlie iHuemenI, k> tliBt b plan of llie latter is not Decesiaryi 

o may lay put ilia foundation at once, as shown in Figure 102. 

a it will ix- ohservcd that encli o( the interior wall», and the 

r portion* of the exterior walls, are proviilec] wiih continuous 

tlioni. but that the luaionry Is interrupttil Iwcwuen llie pier* 

wliieb iuppnrt ihe huttrcsfcs nbnvc, allliough in elevation ttiis apace 

ed by a wall, whioh fills Ilie area aroiind nnil under tiie 

One nia>* natiirnlli-ask why tiiis curtain wall, light as it it, 

i be deprived of a ruundutloo, and It would be inure usual, in 

A lay footing! for this portion of the masonry, a> well as tberetL 

I N«y«nho]eM, an Rtt(>ntlvo study of tlie coiidliinns will, wo think, *how 

I Uiat H ia, under tlie circumstances, niter to support tliis portion of the 

IkuHding upon itolated pier*, than to build for It a continuoui footing. 
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which must be very unequally loaded. A rapid computation oC the 
weight of the piers, as compared nvith that of the wall between thea, 
will show that the former, which are approximately 1 } X 3| feet in 
tection, and about G8 feet in height from the level of the basement 
floor, 8 feet below the curb, to the eaves, contain each about 378 
cubic feet of masonry, weighing, at 112 pounds to the cubic foot, 
42336 pounds, to this being added the weight of the curtain walls 
around the second-story windows* which, as we remember, are sup- 
ported entirely from the main piers, by segmental arclies sprung be- 
tween them, and weigh, for the portion resting on each pier, about 
23000 pounds. Besides this, the roof-trusses, which bear wholly upon 
the piers, bring on each an additional load, as we have seen, of 22320 





Fig. 191. 

pounds ; while the weight of the second-story floor, although framed 
with beams at short distances apart, is also brought by the segmental 
arches just beneath it entirely on the piers, adding to the load on 
each the weight of ^ ^ ^ =180 square feet of flooring, equivalent, 
with its ordinary extraneous burden, to about 18000 pounds. The 
weight of the first storv and basement floors would be divided be- 
tween the piers and the curtain wall in a proportion which can hardly 
be estimated exactly, but about one-half of it would probably come 
on the piers, raakin*^, for two floors, an additional load of 18000 
pounds. Adding these together, we find the total pressure at the 
level of the basement floor upon the substructure of the piers to bo 
123656 pounds. Dividing thid by the sectional area of the piers at 
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tlial point, wtiich it S( B<iuare feet, gives 22483 pouoils as tlia pre«> 
sun jior ujuKre foot. 

On till) [uun'lulJoD wall between tlia piers we bUiUI bav« tlie wcigbt 
I of leOUO |<oiMi<U ot lluoritig in first story and bnseraunl, wUb ibat ol 
I tlHi witll a* lii^Ii im Uiu neuonil-Btory lluor ; vverytbiu'j &buve reslioj 
wUolly on tlie pkr*. Tba ojiciiln^a (or winilows occojiy mott of tbd 
krcn. but wu ttsvo liift nbout 300 ciibio fuet of masonry, woi^binjf 
I 33600 (KiiirMls: tho wbulu prejHiin!; upon llie lubslriieture of tbsl por- 
ot iliu builiiing, wbuse rautionul arcn bcloir tlis bntenient win- 
■ til 10 j X 11=13} Kqiiara f««t, wuU a (orve anouiniag to 3fi30 
I pounJi I'^r (ijuai-e foul. 

Tliia cnlculaiion iliacloaea n very grunt diffurenco in (lie inlensily 
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I of tlte pmisure on tlie foiiniliilion under tlie piers, and tbat u|>nn llie 
1 irall U-'twccn tbrm, and as tbo ma»onry of rough itono extends below 
r tlw baK-aiL-nt lluor nvveti (uut to tbu tops of llie piles, we liave Just 
I reaMin tu four that tliu eomprvsiion of ibe joints in this masonry bo- 
I watli tbo piers would bo mi luucli grualer tban In ibe iiil<-ruiudiftl« 
[ porllun, »ubj('i.'l(-d to a load bardly oiio-*ixtli as ttf^^t, a> lo ua[|i>« 
I dlxlovntlon batwtKHj tlio two purt* ot the slono^wnrk, wblvb 

■ would i>robably tbow itstilf above ground by frai*lur«a In tbv ailU of 
^t)ta baiciniint and first itory windows, as well as by tJic opening of 

Main* Id ilie nnglas between the buttmssea nod the curtain wsJI. 
U ikti grouoil warn vary soft, so as lo roaku U UDi'tfu ti> Incrtsaw 

■ ttia load uptin any part uf it bvyonil a lindted amouDl \>et M)uare 

■ tuot, it uiiijbl Iw U-Bl tu Pi|iin]iz« thij pressure by spreading tb« 
BtooilaSi of [ho jdurt until tlie nclgbt u])on ibt'in was dIstribuUil 
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over 00 large a surface as to make the pressure upon each foot of 
this surface equal to that on the footings of the curtain-wall, but it 
would take a great deal of stone to spread the base of the foundation 
to the requisite extent, and we, who can count in the present case 
upon a pile foundation of tolerable resistance, shall do best to aban- 
don the idea of a separate foundation for the curtain-walls, and ar- 
range to support the whole, by means of arches turned just beneath 
the basement floor, solely upon the footings of the piers. 

Although the pressure upon these will be increased by so doing, 
we can easily provide piles enough to sustain it all, and the cur- 



.- jta*. 



. ;jte>«l<^C'fia*cJM>«^. 




Fig. 193. 

tain-walls, being now entirely de])endent upon the piers, will settle 
with them as the joints are compressed under the weight of the 
superstructure, instead of being torn away from them by the reaction 
of the less strongly weighted stone-work upon which they themselves 
rest. 

Further consideration convincing us that this is the best, as well 
as most economical method of construction, we have only to indicate 
the underground arches which we propose, as shown in Figure 193, 
and calculate the size of footings and number of piles required under 
each pier to sustain the weight upon it, which must now be increased 
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t by thni of the curtain-wall in firet slory ami baseinenf, Hbovo tlie 
I Krclies, Rwi bUo by nn amount representing ruuglii/ llie weiglit ii( 
I tliB fatinilntitin Iwlutr llie bniemcnt lloor, wUicb, uf ooursc, can be 
f only provision nil)' (lelermiDeil. 

Before making up our minJs on this point ire eIibII do beat to teat 
the resistance of tlie hard-pan to whicli ihe piles are lo be driven by 
L actual trial, and will therefore luy out tliu piling-plan for (lie plain 
\ walls, and begin work. 

Althougli tliL- ground is wfter tbnn we couM wifili, the piles bring 
I up generslly in a ilraium w1ii<^ii allows ilium lo siuk only !} lo 3 
I inclie* Bl the last blow of a bammer ni'i^brng ICOO pouD(l)i, and fDll- 
I lug 15 feet. Thin, by Saodura's forniiiln, imlioalva a lafurciletniiea 
for each pilf , in llic worst caEes, of 1^-^^^^ = 1 2000 pounds, or six 
ton*. We will tliurcforu assumo this as iliu load to be assigned to 
L llie piles undi'r tlie piers, and will draw llio plan accordingly, re- 
L numbering tbnt it will Im neci'ssary to walch lliu driving (.-losely, «o 
I Umt If a soft ?pot sbould be met wiili, in which ihu piles sliould link 
) than lliree Indies under such a blow, additional piles can bo 
I M once staked inil and driven, suOicieot in number lo divide the 
I total pressure into portions Email enough to come nitbin llie limit of 
I tiiatr safe resistance, as found by a new calculation. 

Sown 10 tlie basement floor, the sum of all the weights bornu by 

ueb pier Is l tiS&G pounds, which would just be sustained by Dfleen 

piles, driven to a bottom as hard ns ibat which wo hare already 

fbimii. Wo must not, however, forget that a considerable cube of 

ovaonry will intervene boiwecn the top of the piles and the boie- 

nent floor, whose woiglil must bo taken into account. The distance 

between these two points is wven fct-t, an<l six feci, at least, of this 

t bo of heavy slono masonry. The remaining foot may be of 

hbriuk, like the superstructure. Supposing, simply for calculation, 

il oiie extra pile would be suineient to carry the additional weight 

wet thn foundaiion, we should have under each pier a group of sixteen 

K piles, llicm: are always moat advantagiwusly arranged in pain, 

' at tile (tones which rest u[>an iliem, the " cappers, " as iliey are 

Feillad, tony each cover two piles, and no more. It is also desirable, 

■ {or the sake of saving stone, lo ]dace tbo piles as near logpiljer as 

[tliejr can bu driven without forcing each oilier aside, or unduly din- 

f Inrlring the bed, and the minimum distance for tlii purpose being 
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two feed fruiu centre to centre, in such ground as that with which 
we have to deal, the natural disposition of our sixteen piles will be 
in the form of a square, measuring 6 feet on each side, from the cen- 
tres of the piles. In order to cover these entirely with the capping 
stones, it will be necessary, as the head of the piles is from 10 to 12 
inches in diameter, to make the first course 7 feet square. The sec- 
ond course, in order that the weight may not be thrown too much 
on the inner part of the capping stones, should be 5 feet square. 
The third course may be 8 feet by 4, and the fourth course the 
same. Each course will be about 18 inches high, and the whole 
amount of stone-work will be 147 cubic feet, weighing, at 125 pounds 
per cubic foot, 18375 pounds. The extra foot of brickwork between 
the top of the stone foundation and the basement floor will weigh 
622 pounds. Adding all the weights together, we shall arrive at a 
total of 175256 + 18375 + 022 = 194253 pounds, or 97 tons, to be 
supported by 16 piles, giving a load of 6^^^ tons each. 

-f the bottom under the piers should be found as firm as where we 
are now driving, the piles sinking not more than three inches, and 
generally less, at the last blow, with a 1600-pound hammer and 15- 
foot fall, we should be quite safe in adopting this arrangement, and 
we will stake out the piles under the piers accordingly, leaving, 
however, some person to watch the driving, with strict injunctions 
to mark on the piling-plan, of which he has a tracing, the actual 
sinking at the last blow of every pile, with the height of the fall; 
while we inspect the timber delivered on the jrround, and observe 
the operations of cutting off the heads of the piles and laying the 
first course of stone, both of which are already in progress at one 
corner of the buildinjr. 

The piles on the ground are straight spruce sticks, with the bark 
on, varying from 30 to 40 feet long. Here and there is visible a 
crooked specimen, or one the heart of which is evidently rotten, and 
we mark all such for rejection. The driving of the first piles has 
shown that the comparatively firm stratum upon which they must 
rest is about 31 feet below the surface, and men are engaged in cut- 
ting off the small ends of the longer piles to bring them to this di- 
mension. It is important not to penetrate through the bearing stra- 
tum, as the groun<l is shown, by driving a long experimental pile, to 
grow soft again immediately below ; all that is necessary or safe is 
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^ilo cootinuo lli« bInWR of the liammer until the firmer nrounil is 

KaulieiJt "'■■cli will be sliowo by tbo diminiilieil penotruili.ii of tbe 

Mt at each itnpiuit, giving then only one or two Dililitional bloirs 

l» wulfl it into ita bed. 

Ttierc ia ncmie danger tlint Llie workmen Tnay Burrupiitiomly en- 

ft^oavor to cave trouble for tberowlvefi, und money (or tljcir eniptoy- 

Bar>,eiiliur by driving tliu pilounly a portiuooE tija reiiiiired dtMnnce, 

I then cutting it off, or by pulling in sliorter, uml Uierpforo 
■«lieajier limbvrs. Eiihvr of tlieie frauds will [ii'obnbly b« folluweO, 

T or Istar, by serious conf«i]uences, and llic only way to u'uai'd 

Ftgunst lliom vffiM-tunlly t» to witness in person, or by nn Inlelligent 

deputy, tins driving of every pile. We are eoniitwli.-it in donbt 

wbellier it may not be necessary to send awny all (be SO-fuot pilei, 

of wIiIl-Ii tliere are acTitral on tJie grauiid, for the reitvun that itU 

tliougb Ibey ivoiiM he long enough to reaeh from tlii* Imrd Mratiim 

Otlie water-line, tliey Uck nboiit twu feet of tlie leiii^ili nt^cefsnry to 

BKteod from ibn lianl bearing to tbe proent bottom oF ilie excavailun 

icra the raacbine standi. This, for conrenii'neo in working, is not 

g down to the water-lfvel. and tlitrc is danger lh«t ilie fhort piles 

■ay be linipty driven to llie heuil in llio ground and left lliere, with 

lielr feci riiil tionic distaneo from il>o Mrnium on wliieh iliey ought 

I reit; tnit in considei'alion of lli« promise of tliu euntrncinr (o 

lire of the same kind, we cootont to liave ilium driven in 

If prcMutec, each one, afier driving to tbe btMid, being nunk faribtr 

ssuf ii"loliuwer,"tirBliorlpivcnplieuUuu tup ol it, until tba 

■trHiuni is rencbeil. AVIien the trt-ncLKB ntts excuvalKd to tUe 

.00, whlcb will b« done ni toon as the nmebiue is out of iLa 

e followers will Iw iliig out, and iliu piles unilur them will tbeu 

la Biioful an any. 

lu operation of digging ont Ilic piles ii already in pri'grtiss iu 
itlioT place. The level of tUe waWr-linc, or ratbi-r, of tbe point 

II ceruin diatancc below tbe uvoraga walcr-linu nbcre we liavo 
BniTi«i) tliB piles la lie cut off, is fixeil witli reference to a mark on 

I tl>l« of the exc:ivaUon, anil a steam-puuip is at work to keep iIm 

KDgIi** clear of walir until tbn earth liaa been ruuiOM:! Lon prvfivr 

1, tlie beaila of ibe pllcacot oil at a unlfuriu levt'l, and ilii' caji. 

■tonci hud. Twu uivn, with ncrvM-cut mw lictd bf iwecn ibi'iu, 

B buttling atcr in tbe mud, aawbg off iba top o( a pile, wltieb 
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itnotber man holds to prevent it from falling upon lliem. Observing 
tlieui from a distanue, we notice tliat in order to relieve tlieir bacltB 
&■ far aa possible from tbe fatigue of etooping, as nell as to keep 
tlieir knuckles out of the earth and vrator, tliey liold tbe saw verjr 
mucb bent, so that it makes a concave, instead of a level cut across 
the Lead. As ivc approach, tbe head of the pile, just severed, is 
puriiosuly tumbled over their work, and tlic men begin another cut, 
this time with the sav held straight betneen ihem. Looking about 
' tbe trench, ne notice that one-third or more of tbe piles already cut 
oEF exhibit the concavity due to the bending of the saw, while others 
have an oblique bead, and a few.-arecut an inch or two higher tbaa 
tbsir neighbors. Any of these defects may compromise the safety 
of the building, cither through tlic crushing of the edge of a concave 
cutting under the weight of llie superslrueture, or the liUing of a. 
capping-stone siijiportcd nl one cml on a pile cut obliijuely oi* out of 
level ; and calling the attenlion of the men, we iioint out ihc defect- 
ive work, and direct them to recut the piles properly on tbe spot, 
wailing to tee our orders obeyed. 

While thus engaged we have leisure lo watch the slonc.laying ju.'t 
beyond. The adjustment of a roughly-split stone upon the heiida uf 
I- have no tendency lo rock or move in any 
md varying pressure which will be placed 
itter, and the work should be sharply looked 
is to place the stone in position, and then 
even wooden chips between it and tbe head 
MS In move when shaken ; but this mo<le is 
lis. Wooden chips arc of conr:<c inadmis* 
ninudiatcly under a strain ; and stone " pin- 
ners "are liable to be bruken or dislodged, leaving the block which 
they were intended to sustain in a eomlition of dangerous instabil- 
ity. The best, although the most troublesome method of capping, is 
to scleet only the stones with comparatively flat beds, and lay them 
on the heads of the piles, sbifting tlicm about, before they are de- 
tai'hed from the derrick, unlil they rest immovable. They will then 
need no pinning or we<tging, and can be depended u{iod to sustain 
without moving the loud which is to be placed upon Ihcm. If weilg- 
ing should be found absolutely necessary, as may sometimes happen, 
the stones used to pin up with should be well-shaped, strong, and 
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y plncccl upon ibe lieail of ilie pile, bo as to be in no Uauger 
ofaltakin^ out or crumbling. With tlie lAnie oliject of Avoiiling all 
taDiIuDcy oti tliu part of tlie cftpping-s tonics lo rock under Lbe load, 
av »(one slioiild rest upon niort^ ilinn lliri-o pilv», unless both It anil 
tira beadfi oF the jiilus have been ilresx^il lo u pitrfoctly |)laoe surface, 
awl with rgugli atones it is not easy to gut a good heuring even on 
Ihne piles nl ouce. 

After explaining our iileaa on these points to tlic foremnn of the 
BtODe-layera, whose opinion coincidus njlh our onn, ne return to the 
front wall, nhtro the pilenlriring inut^liino has arrived before us, and 
are troubled to find tliat tlie ground appears softer iliere than under 
lbe other portions of the structure. As we approach the row of is(^ 
Ut«d piers forming the middle of the front, the piles cluk umlcr the 
U(t blow oF the hamuier (rnm three lo four inrhcs, instrml nf two 
Mil oDe-hnlf or three inches, ghowing that a rarintinn tins taken 
pUce In the texture of the clny stratum upon whicli tlicy rext. A 
trial pile driveO by means of a follower to a depth of 40 feet sinks 

COOO OOOO 
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h at tbal distance more r;t|)idly ibati ever, and we are forccil to the 
I oonclutlon dint tlie bottom at 31 fool, althoufili peer enough, is the 
it to be bad. A simple calculation is, however, sutlicicni to show 
[ tltat it U nnsafc to truil the weight of the piers upon it withont add- 
ing to llie numlrar of piles under them, and thus diminishing the 
1 npon vBch point of stipporl. Supposing the sinking of cncli 
I pile at the taai blow, under the »-'tua) conditions, to be four inches, 
might which it could be relied upon to sustain sntely would bo 
L 4|(ant^ and ilic number needeil to support the Wd of I94Sfi3 pounds, 
[ wlikli was previously calcuhtted us the weiglit on each pier, would 
I ba IS, allowing for the flight aildiiionnl weight of stone reiiuired U> 
• the more extended bate. 

t* ground is, however, liarilly so soft m tliis, lb<i average being 
t Z\ Indies sinking at the last blow, nnd we •ball be aafc in 
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changing our plan, and staking out 20 instead of 16 piles onder each 
pier, as shown in Figure 194, remembering that if the ground should 
grow still worse it will be necessary to add to the number by driving 
extra rows on each side. Happily, this does not prove to be the 
case, and we are able, when the driving is over, to rest assured that 
whatever else may befall our building, the failure of the piles is not 
to be feared. 

We need dwell no more upon the details of construction of our 
building, which would now differ little from those of any other, bnt 
will proceed at once to consider the necessary means for heating and 
means for heating and ventilating the various rooms. 
Ventilation? Success in this point will be a matter of some diffi- 
culty, and we should have our scheme well prepared 
in advance, in order that the necessary distribution of flues and 
pipes may be effected to the best advantage. 

Tlie only practicable method of conveying heat from a single 

source to all points of so large a building is to employ steam, and 

althougli steam-heating is in many respects inferior to that by means 

of hot water or ordinary furnaces, wc have no alter- 

Steam. native, and must try to mitigate the bad features of 

the system as much as possible. For the smaller rooms, the evil to 

be avoided is the closeness, from want of a fresh-air supply, which 

generally characterizes steam-heateJ offices, and to remedy this we 

shall do best to adopt what is known as the direct-indirect mode of 

heating, in which the radiators stand in the rooms, but are made to 

enclose a space into which air is admitted directly 

rectTMethod. ^^°™ ^^*® outside of the building, to [)ass, after being 
warmed by contact with the pipes of the radiator, 
into the room. The large hall in the second story must be heated 
in a somewhat different way, since it would not be possible to place 
radiators in the interior of the room, but it will be advantageous to 
keep them as near the part to be warmed as possible. The source 
of heat for the entire building will be a boiler placed in the base- 
ment, and we should get some notion of the necessary size of the 
boiler, and of the flue to carry off the smoke from it, in time to pro- 
portion the rooms suitably. 

We can form a rough estimate of the radiating surfjice required, 
and thence of the sizes of pipes, boilers and flues, by allowing^ 
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F'%ne-tpnlti ol n $<]iiare foot nidiuting surroco to encli square foot of 
1 jibin wnll and exposed root surfnce, ani] Beven-tentlis 

foot of ra.liatin3 luvfacu ft.lJilioni.1 fur ■•"mat" of 

icti KiOiirt! fool of g1u3 in ttio windows, llie builil racaraqulrsd. 

Kin; hu about 33,000 >uiii»ru feet o! oiitsiile wall anil 

f Ifi,l)Oa sqiiBru feet of inli:rior wall, nml tolliUmiist be nililed ]?,000 

Ivjunre feet of roof (urfiice, cxpowd to iho interior of tbo room*, 

E making <tO,000 siianra foel uf roof and wiill, reijuiring C.OOO tijuiira 

WSwH of rndiiitin^ nurfiwu. OF ghiis In tlie variuns 0[>cnlDg3 tlii^rc is 

I ftbom S.eOO »i]iiitro fuoC, SOTrn-tcntlia of nliicU irill give S.DSO fuvt 

I whlllkinal of rnrlUiing nurfncc, mnkin^ 9,930 Hjuore feot in all. 

I Tbe rale nnnetlnies umiI, of alloning for direct'iitdirecl railiotioD 

It aa<l a half 8(|uurt) fuct uf ritdinting aiirfiiCL* for every 100 cubic 

1 feu uf tpaao aoalaincil in tbu buUilin^, noulil give, oa we liavo about 

I 900,000 ciibii; fvet, 13.500 Bi[iiure fueC of raJinling fiurfucv ; l>tit tlila 

I ironld be na vscae&Wo nlluwancu for llie Inrge ball in tbu second 

Itary, and our Urge catlmsto is r|uile safe. 

Dyibo Jtiial rule for cBtimaClng, the lieating surfaco nf (lie boiler 
Boat b« onibtcnth tbnt of tlio rodiiiting surfarea, wliioli would give 
' lltrti ODi H]Urtro focL This oould bu obtnincd by u«ing n liorizontal 
I boHer S fact in diameter and 30 fuel lung, with Abuiii 

It tubei, bat n «in;;le boiler of tUls kind ironlil not NacvMHn' 

tirkto »ili;b a.itJiiiU2e a« two, presenting l";etl<i!r,acVor"Bo*!JI! 

[ Ummibo amount of lutAllngmrfttce; and tbcrols bure 

rtlMfnrtlwrailvnotnge Id using two boilers, timt one can be employ eil 

I folvlj' for heating tlio bull in ilio iippur »torr, wbicli ii only oee««ion- 

PsHf Innst!, whilo tbuolliur ciin bu devoted indcpendcndy to wnrmlng 

r tlwofnoes in tliu first story and bitaumentuf ibe building, which ur« oc> 

Mpki] almost uoaiinuously. Vfa must lliertsFore make a new ealcu- 

lltion, whiuli shows ns that the hall in the second story will ruipilre ikl> 

Bmtaxacllynnt^^ialf uf thetotnl nidiittin3surfnce,9u that two Itollen 

■^in ftlUwi uikch euntalning COO i><iuare feet of heating surface, will 

r odiairably. As an un;;lneer will be conitamly ctupioyud, it 

fWR bv nost eonvenleiit and t-oonomioal tu use two horitoolal builerii, 

I OBCb 4 feel in diameter, 30 feet lun^, ami containing 30 lubea. Eacb 

lers will need, in order tn bo able to get 
L up sl«ani i|iiickly, alwitt 80 wiuarn foot of grate j^p-O"** •>"*■«* 
I, uj wo slinll r«()ulrc, to earrjr away tlic gaiei ni combuitlun 
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quickly from these grates, when both are ia operation, a chimaey ol 
the best form with a sectional area of about 13 square inches to each 

square foot of grate surface. We have 40 square feet 
of^mrmiey"^^ grate surface, and must have, therefore, 620 square 

inches of sectional area of chimney. The height of 
the chimney would enter into the calculation to a certain extent., 
since the velocity of the current increases with the height of the 
heated column, but this advantage is soon lost in prolonging the shaft 
to an excessive height, and we shall obtain the best results by assum^ 
ing only the average dimensions. Tlie sectional area thus calculated 
should be obtained in a square or circular flue, as an oblong one, with 

the same area, has much less capacity for carrying 
ap«o "•"away smoke. Considering the circumstances of our 
building, it will be found most advantageous to employ a circular 
cast-iron snioke-pipc, and to place it in the ventilating shaft wliich 
forms a portion of the tower, so that the heat radiated from it may 
assist the upward current in the ventilating flue. A pipe 28 inches 
in diaraoter will give the requisite sectional area, or a little more ; 
and as it will be 128 feet in height we can be sure of a good velocity 
in it. The only objection to such a position for the chimney is the 
danger of disfiguring the uj>per portion of the tower with smoke ; 
but by carrying the pipe through the roof of the smaller turret it 
will discharge the smoke at a sulhcient distance from the main bel- 
fry to make sure that it will be carried away by the wind. 

The position of the boilers will be determined in general by that 
of the chimney, since it is desirable that the communication between 

the smoke connection of the boilers and the chimney 
^^BoVlera?' ***^>^^1^ ho as direct as possible, avoiding long pii)es, 

which chill the gases, and underground flues, in which 
it is difficult to start a current. Fortunately, we have kept this 
point in view, and have arranged a room in the corner of the base- 
ment, close to the tower, large enough, not only for ])lacing and 
managing the boilers, but for passing all around and over them, with 
sudicicnt s?)ace in front of them for liandlinii the lon'^ (lue-brushes 
and scrap(»rs which will be required. 

We may now estimate roughly the size of the largest pipes which 
will be required, and we shall then know what special provision must 
be made in the construction of the building for placing them. 
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Taking lln* safe rule Uiat llm iniihi diMribuiing pipes sliouU bavea 
MDlianal trvn equlvAkiit lu vi^liMoiilli! of n M[unrc 
Indi fur cauli 100 «iiiari.* feel of r. 
jriic^hy tlmin, ffc elmll flnil, tini-cundi boiler (iiriiUlics 
ilcniu to 40GO Eiiuarc Ivvt at rnJinling surfni-c, tliat ctidi main gtenm- 
jii[i« ma«C lie u liitlu more tlmn 7 indies iii [liumvt^r insiiic. At no 
^[W U uiatle between 7 :\nr| 8 inili, anil m 8 inuli is miidi larger 
ditu) wcKitil bo neccsMry, wo will iletermine upon Z-incii pijie. Tlie 
rlMr*, nr pips wliicli rnn uji 1o supply ihu rniliAtori aburo will be 
raiftll, nono bein^ more than 9 inclius in iliitincter, and wc elintl lisTe 
no iQIBculty in currying tlicm up in i" x 4'' ruccsMS left in tlic wall 
Bt ll)0 piropt^r pWes, wliicti it will be well to marlc on the platiri at 

Before tliis eiiD be ituno, however, we miiHt liutunntne all llir^ maio 
feature* of oor syaiein of v until. mi on wwell as Uoatln^, imd lU« 
SMDer we make up our niinrl* uboiit lliis iho better. 

For the bawmuDt ani| lir»t story rooms tlie plsu of vvntllailoa 
AoalJ be &» *ini])1e as [losaiblo. Fretli air will he ailniitie'l boliind 
the r&illat«r* in each rcioin, whicli aiionhl atiinil iinilur 
the wlnitows. In onlcr ihnt the wariutli from tlieni veninatlon. 
tUtf counteract tlie descending strpam nf cold nir 
whicli, in winter, always flows over llm lurface of Ihc gins*, unci 
faul nir will liest be taken out nt two [HiintK, one near ilia top 
trad (ho other tioor the bultoin of the rixini. For the oIliceB which 
lukve llreplacc), the opening of this will form the lower uiitleti but 
mullier nliouhl be pmvIdHil near the CL-illng. communicating with a 

e which may bo carried up l)cfi<le llio riritplnco flue. ^Vliere tiiora 
la no ftrcplooc, two duo, one openin;; ni:Dr llui fluor, and the other 

ir the ceiling, will bu neccixitry. If (lie cumhined arvu of these 
' ontleta it made somewhat greater than that ut the intei, a gentle 

nint will be maintained at all levels in the room, and the air kept 

iMter condition ibnn would bo )ios)iIblu with a »1ng1e outlet. Ai 
the small rtioius are occiipieil only by a few ufflcarH and clfrku, the 
' «U|ip1y of fii'sli air need not be very Inrge, nnd a 4-incli round pipe 

each mdlator would mnke an ample inlcl. For nuilnln, brick 
fluw 9" X 13" will he Iwil, nnd each flun may ojwn with amnll regis. 
tart bath in Imsemnnt and (int story, remcmlMring, liowevcri tliat 
two vpvniuij* roust nut b« made tn any flue in tlic same sloryi and 
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that a flue which exhausts from the floor of the basement rooms must 
always*, if it opens in the second story, exhaust from the floor there 
also, and that in the same way the ceiling registers in tlie first- 
story rooms should open into the flue which draws from the ceiling 
of the basement rooms. It need hardly be said that two fireplaces 
should not under any circumstances open into the same flue, and 
that the outlet reijisters in the basement rooms must not have a clear 
opening greater than half the sectional area of the flues into which 
they open, if any air is to be drawn into the same flues from the 
rooms above. 

As the entrance-way and corridor in the first story and basement 
will naturally be more or less foul, a good current of air should at 
all times be maintained through them. The frequent opening of the 
<loors will furnish a sufljcicnt fresh-air supply, without bringing 
g[)ocial pii>es to the radiiitors, and it will be of advantage to restrict 
the inlets, but increase the outlet, encouraging the exhaust in other 
ways as much as possible, so that the draft from the corridor will be 
stronger than that in the rooms, and the current will, on opening the 
doors, tend consctpiently from the room into the corridor, and no- 
vice versa. We will therefore provide only direct radiation for warm- 
ing the corridors, and will conduct the air from them by a pipe ])ass- 
ing throuj^h the closets at the end opposite the staircase to the gable 
wall, where a large flue is ready to receive it and carry it away. If 
there should be any dilliculty in maintaining a current throunh this 
flue in cold weather, we can afterwards place a radiator in it, a little 
above the level of the second-storv floor ; but the wall is of great 
thickness, and we can easily build in it a flue 20" x 20", or 20" x 
24", perfectly straight, and 100 feet high, which will be very little 
liable to a reversal of the current in it, even without artificial hcatinsr. 

Having now provided for the se])arate removal of the air in the 

basement and first story, wliich we wish to prevent from ascending 

the stairs to annoy the occupants of the hall above, we must arrange 

for a special supply to the latter. The hall, with the 

VentilatlnjB frallerv, will seat about 1000 persons, and to make 

them (juite comfortable during an evening they should 

be furnished with at least 1500 cubic feet each of fresh air per hour; 

and this air must, moreover, be warmed in winter before delivery, 

and conducted throughout the room gently and uniformly, leaving no 
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ner unvitited, aoJ JUpcraiag itself everywLere raiiiiily but witliout 
liblc currents. Tlie system must include every part of lliu room, 
le Uny portion uuiwept by tlie flow of air will l^econie a rvsorvoir 
I of (lucnying organic particles, uLicb nill diffuse lliitinselvoa tliroiiyli 
leigliboripg Btmosplicre (or some distance in all direcIiiiDs. We 
Rt fini eoQiider the winter ventilation only, tlint (or summer be> 
I iog iluifiler, but comptelcly diScrent. 

At in tlio roomt bulot*, we tiavu decided to uoe llie direct-indirect 
I tnutbod of tteara lieating in the li»ll, pincing krgo rodinturs under 
e windows on all sidwt and eupplytng trnvb rwliator wilb n given 
\ quantity of (rasb Air from tlie outside, to be warmed by contact witli 
1 it. and tbcn <leliv«re(l into llio mom. 'llic persons suated nt^xt tbe 
J wnllt, who would otherwise be ex[>o«ed to the cbilUng currents wliicli 
I 4leH'«nd aj-ing tlie surfnce of the winilowfi, anil to a much smaller ex- 
I Mnt ftloug the pladtorinSi will then bu doubly protected, by the de- 
I Suction of thu cold currcats on meelius the wttrm streams riiing Iroin 
P the radiator*, and by the direct inSuuneo of the warm rnyi falling 
L upon tlieir bodies (rum tlie hot pi[H.'s. As tlioie occupying the wati 
I. At tha edge* of ibu room will ilius be warmed by direct radiation, the 
I air luppliud to lUeiu need not be so warm as if it were the only 
!e of beat ; and llie current doUveroil from the raJiaiursi It sof- 
LAoieall/ nbundaul, need not Iks rNi9«{l nlmvo D"'' Fabrenheit. TliEs 
I'will An«wer nlM (or tbe persons in llie Interior of the room, who. ol- 
ft-tlwagh tut off iu port from the heat radialcil by the Etunm coils, are 
ucpiiiieil to cold currents from the winduwfi, nn<l receive, more- 
lover, nreryconiidembte amount of warmlli radiulud from tlie bwlirt 
1 oE tlioae around them, ^Vilh this human warmth, however, is gifCQ 
I off K certain amount of orgaiiiu exhalation, so lb»t the air in tlie 
Lmntre ut tbe rouni will bu loss pure than lliat nearer lh« fresiisur 
I OlWotnga al the sidns, and it will lie Deccsaary lo fuminb ibo middle 
IporUons with an additional snpply. [n many buildings tlili could be 
fl by placing register* In the aisles between tbe KRts intrmlucing 
I Kt imall inti-rvals air taken fresh from Ibo outside, wnrmcd in Iho 
I bwemcnl and scat up through pipes, but wu liavu to l>par in mind 
1 lliAl our bull will nflen be used fur dancing, so that regi!>ter* in any 
I part »f the IWr will bfijuite inndmlrrlble, and ninie olbcr place 
mult be (uund for delivering the air. 
There are but two other poiitlons where inlets can Iw placed 
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near the door, one of these being the vertical front of the stago 
and tlie other the front of the gallery. Both of these will do, and 
fire will arrann:e to use them, althou'ih in different wavs. The 
front of the stage being separated, sometimes by an orchestra, some- 
times merely by an open space, from the front rows of seats, may be 
used as a great rogister, throwing in air along its whole extent, and 
the air so introduced will, in its passage across the orchestra space, 
diffuse and mix itself with other currents, thereby losing its original 
impetus, and reaching the occupants of the front benches as a breeze 
so gentle as to be hardly felt. This stage front will, in fact, offer the 
best position in the room for the advantageous introduction of air, 
and we must arrange for taking it by ample openings from the out- 
side into the space under the stai^e, and for warming it by radiators 
before delivering it jnto the auditorium. Some of the radiators may 
be placed close to tlie open gratings of the front, where their di- 
rect wanntli will bo felt by the persons nearest them, who are most 
exposed to the current. 

liy taking advantage of the shape of the space under the stage, we 
shall be able to secure a gentle but strong horizontal delivery of the 
warmed air, which will send it well toward the centre of the room 
before it l)egins to ascend, and the portion of the auditorium nearest 
the stage will thus be sipplied with fresh air throughout its whole 
extent. For the remaining half we will take fresh air from the rear 
wall, under the front of the gallery, but in a manner slightly different 
from that employed for the first portion. In order to throw the 8U[>ply 
from this direction well into the centre of the auditorium, we shall 
need to brinij it in with considerable velocity, and as the seats for 
the audience extend to a point within a few feet of the gallery front, 
the current, if allowed to strike the persons sitting in them, would be 
felt as a disairreeable and even danc^erous drauj^ht, so that wo shall 
do best to introduce the greater part of it at a height of ten or 
twelve feet above the ground. In this way the main current will 
pass above the heads of those sitting near the inlet registers, the air 
diffusinj:j itself so as to come within reach of the luni's of the audi- 
ence only in proportion as it loses velocity. Under this arrange- 
ment, the greater the force with which it enters the room the more 
effective will the stream be in reaching and stirring up the !itmo»- 
phere of the middle portions, and we may with «».(lvantage place the 




BOIUHXG SDPEEINTENDESCE. 



323 



I ntfalors for Letting ii 
I pipes throDgh die offiooa 

f into the room, vre slioll ol 

I « Vvrjr ccii!iiiji-r;iblu buoji 

' » Imll Willi forue 



in the bascmcat, and brinj; (liu nir up by 
fi llic ba'-emeot nOil first alory. By making 
curved elboir at tlic top to Uii^ct tin.' uurrunt 
iininaJieatud coIuuid longvnoujjb tu [xusess 
nt tvndvncy, nod ihu iiirwill bo tliruwn into 
carry U (□ tin: ccntro boforo l 



D U> rlstj. Ty tonipleU' lUu nupjily of fra 

t fiirnisli tho occujianla of ibo roar rows, wljn will retdvc Utile 
I bcncGt from tlis currents passing over Uieir bcad-s wiih some icpa- 
inluta riour tiic flour, bringiii;; tbe nir in tUrougli cxpuaud sluum 
\ coils in till: dlreut'indirucl manner, to that, ns at tlw tide! at tlie 
», tlic dull vuuBtJ to ttio pursoDH Duur by tliti mateiniuit oE the 
ta\as air, which, slight ns it is, iocrtfueus the cvaimrutiua (rum 
I lilt skin, and causes a svnsHiiuD at i<uid, logetbur with tim ios* of 
It dna til radiation from llio body to iho coM walls, and the un> 
I pleas&ntdran^hla caused by avcidnntidt-iirrunti, may LH.'Cuni[>ansalcd 
I by tli« warm laya from ihu fiigw*. 

Wo ibnU now liavo. For the main portion of the nuditorium, cur- 
I rmti of frcih nir proceeding fri>ni all sides, aud mculiug in the 
The currents from front and rear are purposely directed 
I wllli oomiideriiblL* furvo in a liurrzonlol ilirccliun, and thuse Irom the 
I ttilM) which are, fo to speak, pn-sneil upon by the duscendin;; cold 
I tir from tlio window Burfacea, will b« dellcuteil in tho same direction. 
il tlill Impulw, nidcd by (he natural adhi'sion of moving nir to tlie 
I MirEncei with which It come* in coaiact, will serve to kwp at least 
I llioluinils of the wHiupanls of the room in ft pure and eouslanllj' re- 
d ntmoiplierc. On the n]ee[iD<; of the eurrenl> in the miildlo, 
I tlirir hctrtEuoliil muvoment will bo dealruyud, nnd tho buoyant forco 
the heat uf the muss of air, which has ^rown warniisr in paas- 
llng amon^ the biidies of the {leuple, will asterl ilH-lf, cnrryiug ibo 
I «hoIa upward. Then, if not othcrwlne di»|iu*G<l of. It wilt become 
I by conracl wlili tlio underside of tiie cold runf, ami will 
: surlucna of tho roof, walls and winduwf, to niliigte 
■gain with l1iu> tncomin;; nir from tlie radiatan, and i-cpeat the sionia 
I round. TIiIh wouM not unly cunlamjnato the frenhni^wi u( llui now 
L (apply, bnt would very niucli rediir.-u leu amount, ulan; air tannol Im 
[ (iircvd by ordinary mean* Inio a room which h full a1rea>ly, » 
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vilialcd atmoipliere before it can deaccnd U> tlie ltiv«l of Uie inooni- 
Ing curreou. 

If tlie movement of (tie air were positive enough to carry it, nfler 
rising above ilic iieails of tlic people, directly to tbc roof, it might 
be best lo xakc it froiii tlie riilj^e, but In cold weather Ibia would 
bardly be tlie case, much of the air becoming chilled and relurniog 
downward before reat-hing that point, to that ne ehall do better to 
exhaust it from the levd of tlie cornice, a ii tile above the line of 
reparation between the lower, fresh, warm and horizontally moving 
stratum, and the upper stratum of vitiated, graduallj-cooling and 
descendiug air. If tliu hall were of a perfectly simple shape, this 
upper stratum would move uniformly all around, but there are two 
causes which will give i( a tendency toward Ihc stage end of the 
room. One of lliese is the altracllon of die stage veotilalion, which 
draws llie upper air sensibly toward llie |>rosceDium-arch ; and the 
otlicr \s the pressure of the air from the •lallcry, which, introduced 
thruugli raiiiiitors at the sides and rear, will move forward into the 
miiia body of the auditorium, jiushing the stratum in front of it in 
the same direction. The mass of air which we wish to remove will 
thus be impelled gently against llic proscenium wall, and can he re- 
moved must effectively by openings in tliat wall, through whidi it 
can continue its course into the venlilation-^haft and awny from the 
building. These o[iet]ing8 can bare any decorative thnpc, and 
should communicale with a conduit behind the prorcenium wall, car- 
ried into the main ventilating Que. 

Ic will be seen that this plan of ventilation is totally different from 
that which would be adopted in a school-room, or other apartment 
with a low, llal ceiling. In such a room the best method would 
generally be (o employ indirect radiation entirely, warming the 
fresh nir in the baHimcnl, and bringing it up through long verti- 
cal pijNMi o[i(-ning into the room by registers in the side walls, 
seven or eight feet above the lloor, withdrawing the cold and 
fuul air bcliiw, by eiiliHust registers in or near the floor. By this 
arran;;vuient the fresh, warm .-lir would pasii first to the ceiling, fill- 
ing the roniu li^e an inverted hike, and constantly pressing out the 
fuul strata bcluw, without d.inger of annoying the occupants of the 
room.i by draughts. 

In iho present case, however, we are precluded from employing 
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iclliixl of tills kinil bv tliu i^'al liuiglil of tlic ceiling, ami (lie 

t tit cooliog «urfuca prewotcil hy llic roof. Tlio warni air la- 

llrotluwd kt unr foniiJeraUe bei^l't sbovc tlm floor nuuIU riaeimme- 

IilllsMly lo llie rlJ|;e. couliii'; llierc with crenl rupiilil]-, to b« procijii- 

1 ■.g&in In ciJil iJriiuglils ii|ruii tl>e livaiJa of tlie 

lie below, who wouUl remain immersed in a cliillj' *<^^nSlwSlX 

Mplicru uvea (Luugli Uiat Kbovu tbem mi^lil be 

^Brmed tu « tcmiwrulurc of 100° or mora. Il woulU he tmpmtrlk-a* 

I fill wi ^^reat n spiKiei losing lieati moreover, »o rH|iii!lv im noulj 

BvUablttunilurtlie clrcumBtani'e^, withan^iLiDgapjiMnt.'lilijf' ilie 

tcil atiunst''"^*''!^ l*l'0 *^f ^ '■"' '">om, ami uur only resourco licru 
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The occupants of the ofHces in the basement and first story will keep 
their windows generally as wide open as possible in the hot months, 
and if we remember to provide fan-lights over the doors, and to 
place the doors opening on the corridor nearly opposite each other, 
we can secure for them an almost constant draught across the 
width of the building, which will keep the rooms as fresh as could 
be desired. The corridor itself, if much frequented, may need, even 
in summer, to be exhausted by means of its special flue, which must 
in that case be kept heated by a large gas-burner, in order to pre- 
serve that difference in temperature between the air inside the fiue 
and the outside atmosphere on which the movement of the former 
entirely depends. 

For the great hall in the second story we shall need something 
more than open windows, not for the sake of a fresh-air supply, 
since these large openings, placed opposite each other in so long a 
building, isolated from all others, would give a breeze across the 
room in the hottest night, but to remove the air which would, unless 
allowed to escape, collect under the roof, filling the space down to 
the heads of the windows with a stagnant mass, often very much 
heated by contact with the underside of the slated roof, upon which 
the sun shines all day, and always containing most of the organic 
impurities thrown off by the lun-^s and skins of the people below, 
which rise with their warm breath even in the atmosphere of sum- 
mer. This reservoir of foul and heated vapor, although confined to 
the space above the sweep of the fresh breeze from the windows, is 
apt to make its presence disagreeably felt by diffusion through the 
purer atmosphere far below it, and it is important to provide for 
tapping it, so to speak, and allowing its contents to How, in accord- 
ance with their natural buoyancy, upward from the highest point of 
the roof into the outer air. It would be useless to trv to draw the 
foul, warm air downward as far as the openings into the tower ven- 
tilating-shaft, since its buoyant force, after a day of summer sun- 
shine, is far too great to be counteracted by any exhaust which could 
be obtained in the ventilating-shaft without the aid of a fan ; and it 
is very desirable to take full advantage of the acquired tendency of 
the stratum of air which we wish to remove, to assist its dischart^e. 
For this purpose an open turret on the ridge answers perhaps better 
than anvthing else. The leni^th of the warm current asccndin<! 
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), irilk lii» niatvi'iiOis u[ioti the ground, we sliull 
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iiotlUQ of Iho boiler. lUo Uiineuhions of Uw pip"'^."""^'',* *'""" 
t of tlii;ffl and of tlie raili>tor«. 
uty good heating engineers I'uiploy boil«rR and radiatori of 
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aited ; bnt tlinre are some general principles applicable to all 
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: jwfcl}- fruu all rink of explosion, suIHcient and nell'plnccd ra- 
ptlng Rurlaees, freedom from noise in operation, and tliorougb 
nllMge of all parlH, bo that the pi[>eti anil radiators may nut ho 
t U) injury from water left sianillng in them, and freezing. 
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■AUny oDglneert, instead of boilers witli a &lngto aliclt, use for 
Ing tllB Eo-cHlle<l " Mictional boilers," conslstlug of coils or groiipi 
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lof thiakind urcroibor linble lu such accidents, but iheea- 
wnf water from the broken |iart u«tinsui*b*s tlin Qrv, and a new 
petioo U ijuickly put in place of ihc one destroyed, making tha 
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For convenience in use, it is becoming common to adopt what are 
known as ** magazine boilers," in which the fire-box is fed in the 
same way as a base-burning stove, by coal descending graflually 

from a cylindrical or conical magazine above. Un- 
Boliiers!^ like a hot-air furnace, which distributes some warmth 

through the registers until the last Fpnrk of fire has 
gone out, and the ashes have grown cold, a steam-heating apparatus, 
as soon as the water in it ceases to boil, and the steam-pressure falls, 
loses all its power of transmitting warmth to a distance, and the 
rooms dependent upon it rapidly cool. With ordinary house boilers, 
while it is easy enough to bank up the fire and keep it over night, 
ready to shake out and brighten up the next morning, it is difficult 
to maintain it without attention for six or seven hour^ in a state of 
sufficiently active combustion to keep steam in the radiators, and 
houses fitted in this way are apt to be cold during the night, but the 
self-feeding boilers, in which coal enough can be put at once into the 
magazine to supi)ly a brisk fire without attention for ten or twelve 
hours, meet this diiliculty with perfect success. 

For large buildinj^s, in which economy must be studied in the con- 
sumption of coal, and where skilled firemen or engineers are always 
near at hand to attend to it, the ordinary return-flue tubular boiler 

usually gives the best results, although there are vari- 
Bollers.'' ^"^ modifications of this, made 'vith vertical tubes, 

which offer advantages in point of quick response to 
the urjrinn of the fire, and comparative freedom from liabilitv to 
choke up if neglected. That all such boilers are more or less liable 
to explosion cannot be denied, but the dangt may be reduced to a 
minimum by insisting rigidly upon a hydrostatic test, and if possible 
a steam test, of at least 150 pounds to the square inch, even for a 
low-pressure boiler, before it is allowed to be put into the building. 
After this, care, clear water, which will not deposit sediment, and 
frequent cleaning, will insure comparative safety. 

As aflecting the general efficiency of the heating-apparatus, tiie 
character of the boiler is of even less importance than that of the 
system of pipes and radiators by which the steam from it is dis- 

tributetl, condensed, so as to give up its latent heat in 

P« y enfit ggj,j.jij|,3 form, and returned in the sha])e of water to 

the boiler from which it started. In order to be quiet and effective, 
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long vertical distributing-pipe above, there will be little danger of 
noise in the siippl v-pipcs. The return-pipes may, however, still gi?e 
trouble, as the steam may blow rapidly through some radiators into 
the returns, at the same time that streams of water are descending 

from radiators situated on the same line in colder 
tu^n-^lsersT ^^^^^^ above, causing collisions and noise. To meet 

this danger, the proper way is to furnish eacli radiator 
with its own return-pipe, carried down separately and entered into 
the main return in the basement, l)elow the water-line. Then, since 
the foot of the pipe is thus trapped, no steam can enter any return- 
pipe except through its own radiator, and the flow, both of steam 

and water through it, will thus be always in the same 
Returivh direction, and collisions will be impossible. Such 

separate returns for each radiator consume, however, 
much pipe and money, and the usual mode of palliating the incon- 
veniences arisin;; from the connection of several radiators with 
a single vertical return is simply to enlarge the pipe so as to give as 
much room as possible for the steam and water to pass by each 
other. Which of these methods should be adopted must depend 
upon circumstances, a favorable arrangement of radiators making it 
possible to use in one instance a system of piping which would give 
much trouble in another. In general, the radiators should be so dis- 
tributed that no vertical pipe, either for steam or return, shall serve 
more than two radiators on each floor, and even then it is best to 
make the connections with the two radiators at different levels, to 
prevent one radiator from drawing air or water, as well as steam, 
from the other. 

The rule for the size of main steam-distributing pipes is that 
they should have three-fourths of a sqiiare inch of sccli(^n:il area for 
each one hundred stjuare feet of radiating surface which they supply; 

the size being slijihtly diminished toward the end of 
*****" the pipe. Return-j)ipes are usually made one size 
smaller than the steam supply-pipes, and it must be carefully borne 
in mind that all the pipes, both for steam and return, will expand 
and contract regularly about two inches in every hundred feet, and 
that this expansion must be taken up in some way, or it will keep 
the joints strained and leaking, if it does not tear them asunder. 
The general principle of providing for expansion is to form angles 
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At intenrals in the pipe, making each leg of the angle long enough 
to fenre as a spring, which can move to and fro in accordance with 
the expansion and contraction of the other leg, with- 
out undue strain upon the joints of either. As an "P*"*®"" 
illustration of this principle, the vertical steam and return risers, 
which are usually the longest straight pipes in any building, are 
fixed only at the bottom, leaving the whole of the pipe above free to 
rise and fall as its temperature changes. The only branches from 
the risers are, or should be, the steam and water connections with 
the radiators, and to accommodate these to the movement of the 
risers, the radiators are always set back several feet from the main 
vertical pipes, communicating with them by horizontal branches, 
which, although fixed at one end to the radiator, are long enough to 
spring freely, and allow the end connected with the risers to move 
op and down without causing the joints to leak. If tlie risers are 
fixed at the bottom, the change in length due to expansion accumu- 
lates toward the upper end, and the radiators in the topmost stories 
of the building may need inconveniently long horizontal connections 
to take up the movement without danger of leakage. In this case it 
Is possible, with care in arranging the lower connections with the 
mains, to divide the expansion by fixing the risers only at the middle 
instead of one end. Then the upper and lower radiators will need 
equally long connections, and the shortest will be those for the 
radiators in the middle stories. Similar arrangements for throwing 
the expansion where it can be best taken up may be used in setting 
other pipes, but such details ought to be made the subject of special 
stndy. 
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Stone Buildings, . . 10 

Studding, . . . 122,181 

Subsoil Irrigation, . . .207 

Summer Ventilation, . . 826 

Surface-Water, , . . 210 

T. 

Test, Peppermint, . . .174 
Text- Books, ... 6 

Thickness of Walls, . . 305 
Three, Four, Five Rule, . 18 

Tiling, 103 

Timber, . . . . no 
Town- Hall, .... 260 
Trap Ventilation, . . 165 
Traps, . . ■ . . 165,167 
Trapping Returns, . . 330 
Trimmer Arch, . . .139 
Trowelling, .... 157 
Trussing, . . . .142 

Tubular Boilers, , , 325 

U. 

Undcr-Floors, .... 69 

Underpinning, . . , 118 

Unsupported Partitions, . 136 

Upper Floors, ... 188 

V. 

Veins of Water, ... 33 
Veneered Doors, . . 194 

Ventilation, . . . 316.319 
Ventilation, School-room, . 324 
Ventilation, Summer, . . 325 
Ventilation of Traps, . 166 

W. 

Walls. Thickness of, . . 305 

Waney Timber, ... 65 

Wash-Trays, .... 167 

Water-Closets, . . . 170 

Water-Table 64 

Water-Veins, ... 53 

Weathered Pointing, . . ^7 

Weight of Plastering, . 67 

Weight of Timber, . . 67 

White wood, . . . 104 
Wind-Pressure, . . .289 

Window-Frames, . . 151 

Wire Lath 154 

Wooden Buildings, . . 107 
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